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onsible, as a body, for the facts and opinions eftvencet 
n any of its publications, 
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Difficulty taining the ‘ge of a 1 Great —To ancertain 


; with | ace curacy the d discharge of a Jarge river is at all times a delicate — 


and dificult business. When the stream is of enormous dimen-_ 


sions, when te current is very swift and dengan; when the bed is v 


of the task is so magnified ‘that engineers who huve 
taken such a work have more then once been tempted to give up, i 


3 of securing even a roach to and 


nave abandoned the » effort and hav 


The ‘Extreme the he Has Never 


| Measured. - has never been found practicable to ascertain by direct 


observation the extreme high-water discharge of the Mississippi, 


= 
Nore 
a il 
> 
iia 
} when the banks and bottom are highly unstable, and are suffer- 
— 
er than within ten per cent. or so of 
— 
*The Discussion and Correspondence on this paper, part of which was presented at 
4 the be privted in asubsequent number, __ oy: 8 
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— the stream has never r been confined between its ‘banks at noe 


the nes which i is so. controlled, the levee | sy stem is is still so ler from 


that in great f freshets t) the lev ees have broken at one place e 


another before the top op of the flood has been reached. The measure-— 


of the Ginchange at such times has been ‘only partial, and inde-— 


“pendent « estimates have been made of the losses” through crevasses, 


over unleveed banks, ete. which esti timates are usually very 
_. to » have some know ledge of the topography of the ‘Mississippi Valley. an 
—_ Topoge aphy. —The | alluvial plain of the Mississippi begins a short 
distance above Cairo, and embraces small ‘portions o of the Ohio Valley 
_ that of the united upper Mississippi and Missouri Rivers. The 
Mississippi proper, or lower Mississippi, then, coonpies a wide valley 
., or or bottom, lying between two nearly parallel ran ranges of tertiary hills, 
usually capped 1 with loess. This plain runs in a direction from a little 
east of north toa little west of south, and occupies a distance, measured 
by parallels o of latitude, of 7° 51’, or about 544 miles. _ By an air- -line 
itis almost « exactly th the same. es course of the river from Cairo to 
. 4 the head of the | passes is about 1 060 miles. — 
ters The river does not run through the middle of its valley, but like © 
other streams skirts the hills, first a one side and then on the » other. 


After leavi ing Cairo, its tendency seems to be southwa ard, but it is held a 
7 in check by the bluffs on the left bank, and consequently hugs their — 
base, with the exception of a few small basins, till it reaches Memphis. 
The hills on the right or western bavk are consequently far from the 
river. The valley here into a large aren known the | 
Francis Basin, because it is drained by the river of that n name. 
~The Saint Francis ; Basin.—The bluffs w w hich border the w estern 


- of this territory most the Mississippi at ‘Helena, below the 


into the main river, as is “permanently in 
and lakes or is evaporated or lost by y Soames 


,& 
qa 
j SIDDI Where the liver las never beep restrained Dy levees at ai in 
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Basin, which play an in wrt in the 
The first of thes exte ili rom hiatal to New Madrid, in Missouri, 


e 
‘This ridge is so hig nas so few gaps that it almost isolates the i 


all part of the grea’ in cut off by it from the res 


leaves the main rive New Madrid nearly all at or 


‘The other Tidges are of local consequence. 


ween Bow Madrid and Memphis, ‘and ret sooner or later, 
Memphis and Helena. basin is of “great ‘dimensions, containing 
about 6 000 ‘sq. miles, exclusive of the New Madrid Basin, and its action — 


- as a reserv ms is very complicated, and is still imperfectly understood. 
The Yazoo Basin.-— —On the left bank, below Memphis and extending 
as far south as Vicksburg, is the great Yazoo Basin, formed by the > 


ae 


“Mississippi and a semi-circular range of hills. It is comple otely 
levees, and exercises no disturbing influence except w when 


oveur. ‘It is to be observed, however, in 1882, 1883 and 1 


7 only partially protected by levees, and that enormous Sahai of 


escaped over the banks and through breaches in the dikes, 
turning at Vicksburg, w where the Yazoo River enters the ‘Mississippi, he 


draining the entire basin. In 1890 “several | great crevasses occurred, 


which the regimen of the river was considerably al Thearea 


“of this ter ritory is 6 648 square miles. 
The | White River Basin.—Below Helena, on the right bank, , there is” 


the smal] but t important nt White River Basin, containing 956 6 square 1 miles. — 
1is area is formed by a recession of the hills to a distance of 13 or or “4 = 


iles. Through it enter the White. and Arkansas Rivers, whi ch 
at their mouths, and mostly through a common 


the old ‘mouth of W White ‘River, though the disused mouth of 


Arkansas sometimes delivers a ve 


two pfosen are about { 9 miles apart, the neil of ‘Re. Arkansas bein 
lower. Several small s to drain this 
and empty into the Mississipp i 


of these is Cypress Creek. eS 


* These and the figures for the other basins are taken from the valuable oa 


“Shel i from St. Lo Louis to the Sea, A. Am Am. Soc. Cc. E. 
from Bt. Louis to the Sea,” by J. A. Ockersoz 


— 
iia 
— 

1 — 
ischarge of the Mississippi at high stages. A quantity estimate 

aa 7 
‘a 
, 
— 
3 


hes no naturel bo on 
ci 


has been | given it, t, however, by erection of a 
embankment along the right or southern border of Cypress Creek, 


to the he uplands, which are here only about (5 miles ina 


line from the river. ak Though relatively high and pre- ial, 


not entirely above _In times of floods from the Arkan- 
sas W hite e Rivers, ‘volumes of water have been dis- 
charged a around the. end of the levee, will be shown hereafter. 
During t the past year, this levee has been enlarged and extended, 
it w vill doubtless confine all | floods of the Arkansas the 


‘The Tensas Basin. —The Basin is now also completely 
closed by I levees. ‘This area extends from the s ont of the 


4 The Atchafalaya and Pontehart train Basins.— 
"ay the Atchafalaya Basin, and on the left bank below Baton Rouge i is the 


; a Pontchartrain Basin, neither of of w which i is important to o the present su sub- 


ject. 
"The configuration of the g gr eat allay ial 1 plain and of its subdivisions, 


and the ‘positions principal ‘stations with which this. went is 


concerned are shown in Fig. 1.* 
Gauges. are placed at all where tributaries 
and ‘at ma many important intermediate | stations. They | are placed at 


portant affiuents also has or more gauges along its course. “Table 
No. I, on page 352, g gives the distances of ‘the ¢ gauge stations on the 


variable distances apart, averaging about 40 miles. Each of the i im- 


: Mississippi from the Cairo gauge, and the elevations of their r respective 


zeros. the height of the mean Gulf hovel is accurately deter- 
‘mined, elevations at are e refe rred to the Cairo datum, as it is called, Ww hich 
q isa a point 290.84 ft. below the zero of the Cairo gauge. ¥ Peston Pa 


which is also much used in river is 13.13 ft. above the 


a Reproduced, by permission, from Mr. Ockerson’s ‘‘ The Mississippi River from St. 


a 


— STARLING ON DISCHARGE OF THE MISSISSIPPI aa 
The White River Bas 
4 
im | 
| q 4 a 
4 
| 
4 


STARLING oN DISCHARGE OF THE mena 


oe OVERFLOW BY 
STATES. 


ILLINOIS, 
MissouR!, 


== 


| TENNESSEE, 
| ARKANSAS, 4652. 
6926. 
14695. 

Toran 2, ~ 29790, 


sen 


fiven 


tle Rock =" 


RIVER 
“SHOWING AREAS SUB 
JECT TO OVERFLOW. 


j SCALE. 
§50MILEs. 100} 


AREAS BY BASINS. 


| “6706, 


> 


hs 
ATCHAFALAYA, 8109) 


| 
¢ PONTCHARTRAIN, _ 
TOTAL SQ. MILES, 29790, 


| || 


| STARLING ON DISCHARGE OF TRE MI MISSISSIPPI. 


TABLE No. SraTions ON THE MISSISSIPPI River 


ottonwood Point. 
Fulton . 


"Helens 5 161.98 
Mouth of White River.......... = 128. 734 


GG. 


Saint 


Bayou 


Plaquemiae... 
Donaldsonville. 
Polat 
Carrollton 


Fort Jackson 1089.0. 19. 


Columbus gauge, used until June 8th, 1884,was229.14. 

Day. + This gauge was used for New Madrid until 1882, when a new gauge was established at 

-¢ The present gs gauge is nearly 2 miles below t the former ‘position, The change seems to '. 


have occurred atthe beginning of 1892. 
The distance is given by the Mississippi River Commission as 393.2, The how- 


ever, is 1.2 miles below the mouth ofthe river, 
=e The elevation was given, prior to 1887, as 116. 35. a 
{ So for 1893. In previous years the distance is about the same, but the elevation was 
_ taken the same as at Lake Providence, namely, 89.62. This is not a regular gauge station, 
but is of importance from the number of discharges taken there, = 


_--- ** The distance is given by the Mississippi River Commission as 648.3, ame gauge, wel 
ever, is nearly half a mile below the town. 


tt Since May, 1884, the distance of Natchez and points below wom been shortened by about 
12.5 miles by the cut-off at Cole’s Point. Thisloss has been partially offset by increase of a 
length in the bends due to caving banks, etc. The distances niaceeeed in the tte are ) the old 7 
ones, for want of accurate information as to the — 


tt Provisional. 


A 


im 

3 Mi 
q Belmont (formerly Columbus)... me @ 

q 
— 
| 


_ The gauge at Little Rock on the Arkansas River is said to be 218° 


‘miles City. The ¢ elevation of the zero of the engi- 


neer’s | 8 gauge is | giv en by the Coast Surve ey as 241.50. 


Oty Win seems by the maps to be about 280 miles above Arkan- 


sas City on WwW White River. ‘The elev its is 
known. 
place se to be e about 150 miles above Arkansas City. = 


Dischar Obser: vations. —Discharges shave b been taken 


4 
Hays’ 8 Landing (10 miles below Lake Providence), W arrenton (8 miles 
below icksburg), Red River Landing and | Carrollton; at Paducah, 
on the Ohio River; at St. Louis, on the Upper ‘Mississippi, beside ~ 


number of and scattered observations at hee: points. A few 


(10 miles Memphis), Helena, City, Wilson’s Point, 


4 
_ measurements have also been ‘made on the lower tributaries, as s at 


oe ont the White River; at Little Rock, on the Arkanses, and at 
on River. complete list, or what is intended to be 


n by the Mississippi River | Commission or ne 


“published t by them i m is presrer ast will be found i in Table No. a 


a TA No. II. —Dise HARGE BY THE ‘Missis-. 


1894, P. "9854 
++ 1886, 2701 


2 Prescott, Wis. pper Missisippi , 1880-81... 


1883, 2584 


— 

- 

i. 

— 

ia 

= 

| 

4 Pine Bluff (Arkansas River), 

— 
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ne Where p published. 
a 
Report fo for 1883, p. 2628 q 


1888. 


Carrollton 


arroliton, 


son’ s Point, , 1884. . 


Arkansas ( City, - 1887, 2838 


Arkansas City, 1887, in — for 1887, p. 2888 coud 


and 1891, p. 3489 


Ww ilson’s 8 Point , 1888, in Report f for 1890, “3174, and 1891, Pp. 3496 
Wilson’s Point, 1889, in Report for 1890, 3174, and 1891, p. 3496 

New Madrid, 1888-8 89, in Report for 1890, p. 8153, and 1891, p. 
"Helena, 1888-89, in in Report for 1890, 3160, .1891, 
Arkansas City, 1889, in Report for 1890, 3167, and 1891, p. 3492 


q 


< 


Saint rancis Basin, 1890... 


a 
195, in Report for 1883, p. 2876, and........1889,p. 2642 
4 1890, p. 3173 
1891, p.3488 
| 4 i - 
a 
: > 
Tr 
Below New Madrid, 1890, in Report for 1890, p. 3157, and 1891, p. 8581 
i Helena, 1890........................._..... Report for 1891, p. 3536 
itm 
q 
— 
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1890 Report for 1891, p. 3538 


1892, p. 3128 


Memphis, 1801 . 1802, 3129 
= Bend, 1891.. 


1892, 


aves bol 


1893, p. 3683 - 


1893, p. 3688 


Alexandria saan River), 1 


“1894 28: 
1894, p- pill 


— — 
— 
= 
| 
a Carrollton, 185 6938 
Clarendon, 18§ 1858 
ag = mDus, = q 
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we, 
‘Place and dete, Where published, 


Red River Landi 


and Abbot. — Iti is not now necessary to observa- 


made at an early date. The discharges" taken by ‘Humphreys 


~.. and Abbot awe based on the assumption, supposed to be established 
by experiment, , of an invariable datum cross-: section. This having 
_ been carefully measured, the particular area corresponding to any 7 


gauge height was merely scaled off on the general plot, the area, , there- 2 
fore, b being the same whenever the gauge showed the same reading. 


‘This assumption is now. known: to be erroneous. The area 


very great changes from day to day, ‘most of which are e accompanied 


-i 
> by simultaneous s changes o of velocity. > The measureme ant of the latter ee 
element, therefore, ond not of the former, Hi 


and in as different as In 1858 they were ti taken 


at a uniform | depth o of 5 ft. below the > surface. rface. For the the par ial sections on 


adjacent to the shore, the observed vel velocities in 1851 were 


- sidered the mean velocities. In ‘the shore divisions a coefficient of — 


-eight- -tenths ws was applied for 1 reduction. 1858 the observed veloci- 


_— ties in the divisions not near rthe shore, ata \ depth of 5 ft., were reduced © ra 


ay by means of a formula, half empirical, half rational, most laboriously — 


worked out by a Process, partly experimental, partly graphic, partly 
analytical, impossible to follow or to verify, consisting of combinations 


has 


of of data and cutting | and fitting 


“v4 317 + 0.0 = 
T, Un + (1 4 SIT + 0.067) 
Report upon the Physics and Hydraulics of the Mississipp ver. By 


and Abbot. Edition of 1876, PP. 234-35. 
- t The same, p. 276, 


SS 
— 
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ough outlets or crevasses have been included in a 
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ient of Reduction. —From this equation tables of ec orrections 


Resid prepared for the different observation stations, by which the 


rved velocities were finally reduced. upshot o of it all is 
the ratio between the mean of all in vertical planes, at 


depth | of 5 ft., and the mean of all the mean velocities in vertical 


planes, in calm weather, , varies from 0.97 for low velocities to 0.99 for 
high result does not agree at all with later 


to the elaborate measurements of 1882, the ratio, at all 


The errors which | appear in the work of these pioneers of experi-_ 


mental river hydraulics should not detract from their merits. WwW Then - 
the entire re novelty of the problem set. before them is considered, the 


ant of any precedents to guide them, the ‘magnitude 2 of the task, 4 


"imperfect means at their command, the short time allow ed for the work — 
and the rapidity with which its was performed and the results matured é. iy 
and ‘announced, their achiev ements seem little short of here ulean. 
That ey made mistakes is not i surprising. _ Ther There was as much of the ‘, 
soldier as of the engineer in 1 General Humphreys, and his combative and q 


positive e character has given a deep ‘tinge to his opinions. Nevers 


the work must always stend as monument of original re- 


‘search, of colossal labor and of All the 


ve 


‘their w work is still of great. value. 4. 


uler Boar of (1879.— - —The present system of gauges was 
pst in 1871, and the records ex al hash k to the latter part of 
In 1879, a number of f discharges were ta taken on the Mississippi and an 
"some of its tributaries Colonel Suter and Colonel Benyaurd. 
results of these have only lately been made made public. The They hay have ‘fre- 
quently been made of of by ¢ Colonel Suter and others as basis sfor 


‘They are » generally known as as the work of the ” 


Wate B » 9. 
The Misisippt 8 River Commission, 1879- 80. —In 1879 the Mississippi a 


om was organized ; and in the fall of that yea year, under 


§ 


- a and Abbot, moreover, are very scanty, and are of no use for exact — — 
— 
— 
— 
— 
— 

— 
— 
a 

Ag — 
7 
— 
— 


he direction of the snepeteny, Captain Leach, di 


a at Fulton and at Carrollton, and observations for ate cross-sec > 


ete. wane made at Lake Providence. These were by fa far the most 
comprehensive and accurate series of ‘gaugings yet “made. . The y 


—_ cupied a whole year, and covered a very wide field, e embracing 1 the ~~ = 
determination of ourves of vertical velocities, tuaneportation of sedi- 


+ ment, measurement and travel of sand 1 waves, variations of slope and ~_ 


" most useful for ‘its hee data on he subject of the 


of These work preparation for the yet 


ar occurred the greatest ai 
flood of which there is any authentic or accurate record. Parties 


“measures were taken for the determination of the encape over the i 
‘banks into the Saint Francis Basia, ond the unprotected parts of the om 


White River, Yazoo and Tensas Basins, as well” as 


mumerons breaks i in the levees of of all the basins which | occurred 


4 


: this pe portentous flood. An mass ass of information was thus gathered 
it is, furnishes, most of the knowledge of 


| 


hand for its attainment. The m men were 


t often ‘with 


comparatively untried instrument, and the form in use was not suited 
» aden Mississippi. ‘Existing formulas 


— 
= 
— 
— 
iver, just above Cairo; at Columbus, Helena, Hays’s 4 
— 
al 
— 
— 
the work by the genius o1 
‘of the engineer in charge, The 
— _ New sources of error 


n the hurry. Lead- lines had stretched several feet before 


the error | was detected. Instruments were » broken by rough usage and 
‘could not be »e replaced, or or sometimes failed to do the work expected of 


‘them. Notw ithstanding all these draw backs, s, the measurements are 


oa extremely discordant with one another or with the probabilities of 
ease, and i indeed sometimes exhibit fewer discrepancies than 


with more precautions and ‘refinements. _ The records, 


are presented, appear in their native nakedness. No attempts 


- have been made to reconcile their discrepancies. Indeed, they greatly — 


need an intelligent dise discussion, as has: been ‘bestowed on those of 
he notes which accompany the re reports are usually very” # 
meagre, and give very little. insight into elas sources of error which. 


. In 1883 and 1 1884 ‘measurements were continued of the — of 


water through. creva asses and outlets and over banks. pS —_ 


Observations of 1884- 85.—The next noteworthy series of f observa- Se 7 
ons was taken in 1884-85, ‘extending from about October to Api. 


ts were taken Point Pleasant, Helena, og 


ays’s Landing, Warrenton Vicksburg), Red 
published i in 


ery satisfactory 


Vheeler, M. Am. Soe. W Wheeler's ‘comments throw 
observations, and ‘point out the ‘means many 


“4 errors. 


Observations of 1889. —From the failure very 

B\ 4 4 little was done in the way of gauging the flow of the river until 1889, 
when a series of measurements cov ering four or five months was made 


at New Madrid, Helena, Arkansas City, Ww arrenton, Red River Lending — 


and Carrollton. 2 Full details are given of methods, ete. ; 1889 was asa - 


year of low water, and the observations embrace only medium stages. 7 


 High- Water Disc Discharges of 1890, 1891, 1892 and 1893.- —The years 


, 1892 and 1893 were all high- w ter years, and discharges were / 


- taken at 5 sev everal of the stations during the period of flood, and some- _ 


es isolated “measurements were made at low water. Many of 
. _ observations were taken with extreme sep and i in almost all cases the | 


“date are accompanied by complete explanatory “notes. Sometimes _ 


curious phenomena are revealed by these high-v -water observa- 


— 
— 
me 
— 
— 
— 
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| Arkansas City, H 
‘River Landing an 
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- tions, and. some of ‘the apparent anomalies which they present have 
— 


yet been satisfactorily explained. 


Mrase REMENT OF CROsS-SECTIONS. 
It is not intended to give an an essay on the practice of gauging 


rivers, which would of itself require an elaborate paper, a would 


demand for its treatment much experience on the part of the author. 


ee It is only desired to call attention to the sources of the many errors — 


and discrepancies i in ‘the records of this sort of work, and especially in 

the case of the Mississippi, with | the view of discriminating 
real errors and mere apparent a anomalies or puzzling in incidents, which 


may bev very genuine and may afford ¢ the they to the discovery of ne of new 
Soundings.- —Depths have been measured from the earliest mene in 
very nearly “the same wi way. In ‘Humphreys and Abbot’ day, in 


_ 1879-80, and generally up up to a recent date, soundings have usually 
—_— taken by the “drifting” method, the line being lowered to a 


position near the bottom before » posting the mage Tine, and 
- dropped to actual contact at the moment of “crossing. ‘From : a a skiff, 
_ catamaran or launch, doubtless this is the best way. : Where a steam- ah 


boat i is used, it is is customary, at the ® present tine, to as in tak- 


4 & ot per pendicular at the after part of the boat. .E 


4 enough if due pains are used to insure accuracy, — 


first, most obvious and most necessary to 
_ is to see that the lead-line is of the correct length. th. In th the car eful ob 
servations of the present day, the li line ie is tested before and after each an 
day’s work ‘and the correction inserted in the field- book 
‘4 each sounding. The the the earlier ob- 
‘Humphreys. 
ay 
and Abbot used a welded chain. The ¢ common lead-line has been em; 
“4 ployed by almost all others, however, often checked by the occasional | 


4 use of piano wire. Almost no assurances are given in the w w ork of 1882 Ba 


that ¢ any pains were taken toi insure accuracy of measurement in n depths. - s 


In Mr. Wh heeler’ 8 discussion of th the | observations 0 of 1884-85 there are 


many showi ing the possibilities of error ror that exist in taking 


— 
— 
— 
— 
— 
— 
— 
f is of the boat, the lead being in 
ither method is good 
a 
— 
q 
a 
— 
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October 11th, the lead- line» was tested and was found have 
ft. in 50 ft., and there were no data for deter mining z what the error was — 


on previous days. — At Arkansas City the corrections were | made once — 


a week, ‘* but on some occasions large changes took place i in the lead- 


4 line with no means of of determining on when the ee covnrsed. 


The corrections s during the part of the season we ere every 
being é about 12 ft. in 70 ft. t. AtT Red River Landing n no o tests s of the lead- 


applied. “Me. Wheeler that a ‘large place in lace in the 


ten between January 3d and January 6th. « It is much to be 
Ce doubted if s such a change reall really took place. The o only note W which h has 
=" any relat ion to the su subject i is a statement in n the ‘journal ths that am a a new - 

-lead- line was tagged J anuary | 5th. It is also’ probable that a heavi ier 

lead came into use on ‘January | 6th. 6th.” The change > thus recorded wa was 


about 1 10 ft. of area, ‘corresponding t 2 ft. of n mean n depth. 


2 ce ertain, how can one day’ 8 observations. be compared 9 with another’ 8? 
The usual practice has been, first to establish a 


vl signals or targets, and then to locate velocity stations by + the interseo- 


tion of oblique lines, each defined by | two numbered targets, on one or | 


the other bank. Soundings are often taken at the velocity 


“compared ¥ with 200 eae more), the intermediate stations have nee * 
fixed by angles taken from a base line by a a ansit on cuss ora sextant ; 

the boat. To: show the p possibilities of error in this | particular, 

reference is again made to Mr. Wheeler’s: discussion. At Point Pleas- 

soundings were located both by signals and by angles. - 


“The locations by angles and by. signals i in the main are quite dis- 
__ erepant, and it has been found impossible to reconcile the two methods q ge 
of location. — The notes of the location have not been recorded or the — 
computations of the same preserved, so that ‘it is now y impo! sible to 
prove that the signals were in the right places | | to make int ctions — 
200 ft. apart. > On the other hand, the sextant angles show discrepan- __ 
de among themsely es, so that it is certain that the sextant locations — 
erroneous, = is some evidence that the s 


= 
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erroneous, but as all velocity measurements and all soundings after — 
oe 1st, 1885, were located by these signals alone, it was decided 


to i the sextant angles entir entirely and depend upon the signals for 


4 In ahaeuiis part of the work ery ls arge ¢ change: 
ar one, and in such a manner as place in doubt the measure- 


ments of ar areas at that the. 


W arrenton, positions were located with: a pocke ket sextant, too 
small: an instrument to give accurate Ww ith the small 

"employ ed. The soundings v were not taken at r gular inte arvals, and 


mea esared at irregular 


i Ab Red River Landing, the locations of the 


mine both by signals and by sextant angles. The tw two locations 


“up to to December 15th, the velocities we 


not agr exactly, but the difference is small. 


at Carrollton, the soundings were taken : at intervals, and 


_ were located by the series of ‘signals on the right bank. In the revis-. 


a ion many ‘differences were ‘encountered. Some of them could ; 


Ph settled by xy a reference to the | original ‘notes, but such as could not 


were settled arbitrarily. In some few instances the notes have been 
corrected arbitrarily w where they were idently y largely i in error, 


There seems to have been no reason this. It was 


cided to interpolate ¢ lepths for these days when soundings were a 
this manner depths har have been interpolated for 39 dates. 


in these at Wilson’s 8 Point, in 1891, soundings were 


usly by a transit on s} 1ore » with at bas se of 1600 ft. — 


on the Louisiana shore, and by a sextant on the! boat toa base of 1000 


ft. on each bank. The difference varied from. Ot the 
however, being exceptional. The discrep 


d 6 ft; and the difference of 


case, was 2.3 ft. 


«ti is the opinion of the e engineers in pers 


that iti is is possible measure the cross-section with a near to 
accuracy; and that the figures given in the reports of Geshe 


correct. 


observations as ‘representing the several areas are, in the main, nearly | 


wr 


— 
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change i in the | personal pasty mm may very easily 
an apparent ahenge in area. For instance, the substitation of a new 


a of 4 000 s sq. ft. or area; a change ofa a 


in depths of 60 to 100 ft. is easily made. cee 
Changes of Or O88- Section. —F requently ve y large changes ‘cross- 
occur from day to day, being g gener erally 


bya change or sudden or gradual, it int n the direction. 


ine. They may y be due to the pa: passage se of sand waves, to wished cay ing Y 


or filling, or to various causes, some of which are yet unknown or ob- 


seure. In corroboration of the: position that these changes are real, 


it is to b e note ed that the violent fuctuations in question are 


case if the 


oceeded from measurement 


coincidence. 


MEASUREMENT « oF Vv ELOCITIES. 


urrent meter is used almost to the exclus 


means on the at the present time, other methods being 


who are disposed to re recur to 0 former | 


Floats. —The sy of velocity by double floats 


essential d | difference at the present the metho by jae 
Humphrey ys and Abbot. in the latter, there a: are some modifications 
in the Mississippi practice, owing to the great ‘depths existing. 


Rod floats be successfully handled if more than 85 o or 


‘ft. long.* Consequently, in very deep water, such as 


found throughout thi the greater part of the cross-t section in the Missis- — 
-sippi in time of flood, the float does not reach half way to o the bottom. aa 


f the Mississippi River Commiss 


= 

— 
4 | 
3 
floats; and in view of certain objections which experience has shown 

a 
— 
i — 
Mr. J. Davis, in“ Report of on for 1883,” pp. 2601, 


STARLING ON ‘DISCHARGE OF THE MISSISSI PPI. 
4 It. does not, therefore, fulfil its mission of determining the mean veloc 
i ity in each vertica al by direct _ observation, but the results have to be — 
reduced by a formula. has, to be sure, some a advantages over a 


_ face float or one immersed only 5 ft., , because it is influenced by a 
af greater number of filaments, and thus many accidental and temporary 


irregularities a are | eliminated. 


. As to th the « confidence to be placed in the » results furnished by these 
instruments, the t testimony of the engineers who have made actual use 


work on the Mississippi may be taken. = Says Captain Leach, 


bei In a series of double floats run in rapid s succession, at the « same . 
depth and over the same path, the individual results have been observed 
to vary by as much as 25 per cent. The velocity of a single float may, 
by accident, be the average velocity for that portion of of the stream, but a 
a2 in "general it will not; and however ‘exactly it may be measured, it a 
i cannot be accepted as more than an approximation to the quantity — 
desired. Add to this the error in determining the cross-section, 
= the uncertainty as to whether the section n measured i is the really effective 
one, , and it seems ;improbable that these discharges can ‘relied on 


Paducah, in 1882, W. Price, M. Am. Soe. C.E., says 


‘measurement would be too great except where there is a strong up- 
‘stream wind, when it. might be too small. Measurements of vertical 


~ curves of v elocity with double floats in an > -stream wind show a much | 


The mid- -depth velocity is not always a mean velocity. think 
‘it varies with et sections and with different stages o of 


‘aie man will spoil the accuracy of the wok. The shore cme: 
may work with their instruments ‘out of adjustment; they may miss — 
the float, but give the signal as though all was right; or the floats, to 

; _ save labor, may not be adjusted to mid-depth, and the chief of the © 


5 - Pais, ‘* With rod floats, when they are observed from 1 the shore, as with 
double floats, there is no check on any ‘of the observers. Careless ob- 


serv ers will let the float project too much out of water, so that it 


“a * “ Report of the Mississippi River Commission for 1882,”’ p. 101. a 
t ** Report of the Mississippi River for 1883, Dp. 2584. 
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oN DISCHARGE OF THE MISSISSIPPI. 


“i affected by the wind. In deep water floats ‘often do n aot reach i: 


_ * As the vertical curve of velocity varies very much with different — 


4. 
f 2 seston, and also at different points on the same section, it is impossi- — 


dle to make a formula which will reduce the observed velocity to a 
true mean. . For this ‘Teason, 


when the floats do not ‘reach 7 


4 nearly to the bottom, they 7 


may not be as accurate as the | 
double floats. 
measurements were taken the 
e- yer fell from about a medium 7 
Stage to low water. At t first 
Vi 
2. ‘Fis. the rod float. ‘discharges were 
greater, but the river had fallen much lower, they were 
less than those taken with the meter. When the rod float discharges 
_ were the greater, the vertical curves of velocity were like Fig. 2, ana a 
when they were less, they were like Fig. 3. This showed that the | 
. ‘observed velocity of the floats had not been reduced enough at first, 
_ and afterwards too much, though the same formula (Francis’ 8) “on 
ae Mr. J. i. Davis, at Columbus, in 1882, remarks:* 


x ‘«« T was led to believe that at times the surface a and subsurface as 


considerably inclined and partially immersed. Sometimes it t would 
incline ard or ar rd. In each of these | cases ‘the surface float 


“sub-float was held up up, the immersion not being 

reached. This was shown by the fact that several feet of wire were t 

- sometimes taken in before there was any appreciable weight of the sub- y M 
float. By an examination of the vertical velocity _ observations at Ful- i> 
ton, it will be found that in the sets in which two or more floats were 


run at the same depth the velocities differ from 1 to 15 percent.” 
Current M Meters. —W With current meters, very much depends o on the 


kind of instrument employed, its suitability to the particular of 


wor it is called upon to do, its mechanical excellence, the care exer-— 


cised i in keeping it it properly adjusted, its manipulation, its its rating: and 


the accuracy with which its indications are recorded and hin results a 


— = = 
= 
| 
| 
— 

2 ss the velocity of the former not representing the correct velocity of the | — 
water in the vicinity of the latter. The above indications were 
Report of the Mississippi River Commission for 1883,” p. 2616, 
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computed. a It i is a delicate instrument, with several b 


electrical connection, and its ratings are found to vary considerably 


even 1 slight | changes i in in repair o1 or maintenance. 


The first forms of current meter w hich were devised were of t 
windmill, screw or propeller “pattern; is, t 
moved by the current revolved ina plane perpendicular to the direction 


the latter. Such was the design of the oviginal Wdlinne meter, 0 
y meter which was used on the Par ani, ‘Uruguay and La Pista 
Rivers in 1871, of the Harlacher meter and of several others. — The 
instruments used in work are ona differ- 


pee pr inciple. They a e of the “anemometer” ty pe, as it is some- 
times called; that is, a vanes are soplened by cups on the ends of ; 
arms which revolve in a] plane parallel to the thread of the current. 


The motive force here i is' the difference between the pressure ¢ exerted by 

“mov ing water on a and ona convex he meters used 


in the e early experimental work on the “Mississippi wer were of the ty pe 
devised vised by General Ellis for use on the Connecticut River in 1877, and 
were the anemometer pattern. ' The changes which the experience 


of 1882 and of subsequent ye years showed to be desirable i in the Ellis” : 
_ meter have > resulted in the evolution of the Price meter, which is now 


in ‘general wee. OF late, there hes been a » disposition to revise e the 


to the screw plan, as in t 2d 


ic There are at least two sot urces a3 
- meter. First, the instruments or the observers 1 may not tell the tr truth, me 
Second, they may record and transmit with perfect a accuracy y what has 


_ happened; yet this recital of facts may not be at ali what is is sought, 
although apparently s so. “Zhe: meter may deliver absolute. trath- 


its tale of so “many y revolutions in so “many minutes, ye yet in 
to these into feet per se second grievous blunders 


mm may be : made, more especially when it is assumed that this travel of a 


thread ¢ of water was ina direction parallel t to the banks of the ri ye 


and to the surface of the strenm,; and still more particularly when it. 


4 is accepted a as a fact that this ‘solitary observation represents the mean — 
_ velocity of a large portion of a swift and turbulent river; the interval | 
betw een the observation stations being never less then 3 150 ft. and fre- - 


—. as much Las 300 ft., and the depth often from 50to 100 ft. 


— 
— 
— 
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avor OL the anemometer ty 
oul new Ritchie and 4 
— and Haskell meter; 
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A great part of the evneatalin: of the flow of the river rests Baie, 


the: testimony of these mute and witnesses. It is be- 


- lieved that they tell their story with aaah perfect fidelity, « as far as 


-.. they go. These is is a a great di deal that at they | do ‘not tell. It is the engi- 

‘ner’ 8 part al interpret their deliv erances corr rectly, to divine o: or to as- 

sys from other sources the "information n which the ‘meters fail to. 

giv e, and generally ¢ to supply their deficiencies. 

The first t point to be: considered i is s the mechanical per rfection of the 


instrument. and worn meters will not | give correct indications; 
will not correspond toa definite e velocity i in feet. £ 
/—— Secondly, the meter must be maintained in perfect order, the bear-— 


they will register the number of revolutions 8 probably, but this number 


ings and connections kept i in a uniform state as far as possible, and " a 


eyery time a of any kind i is the instrument should bere- 


rated. rvers that when a meter i istaken 


upart ond cleaned, ite re rate anges; ‘that whe en a new elecizical con- — 


néction is ‘put. in, bearing oiled, or, in short, the slightest -altera- 


siderable 


of hse 
is thought b by 
many that here lies the nodus is of the ‘Aifficulty. The opera- 


is s simple enough i in principle. a It consists merely in dragging the 


meter r through still water at a rate | determined by observation. The > 
method r now “approv ved is to lower the instrument from a , skiff to a dis- ¢ 
_ tance of 5 ft. or more in a pool of considerable depth, and then have 
the skiff t tow ed by a a rope between fixed range lines, taking the t time eby ; _ 
‘a stop wi watch. Mr. Charles H. Miller, an observer of ability and 
perience, declares * th that the skiff s should never be pulled Ww vith oars, and 
“that ‘the observers should be cautioned about ‘keeping the same posi- 
tions and not swinging their bodies about during the | observation. 
unting taken from a steamer drawing 25 5) to 3 ft. of Ww with 
ba ai same me ren ‘and it was then rated at 20 ft. under the surface. 


Mr. Miller thinks a slight current or even an oscillation not objection- 


in pairs, and to have the times of transit the same both w way ays. 


oS if reasonably | constant, care being taken to get the observa ations 


bigs 


— 
im 
a 

— 
— 
&§ 
— 

4 ag 


ON DISCHARGE OF THE MISSISSIPPI. 


of the. hitherto for are are due to car ,reles 


7 A meter ¥ wheel revoly eS 1 under the impulse of moving water, r, and 
against th the resistance of fric tion. The « object of of rating is to ascertain - 


4 the ratio between a rev olution of the wheel and the velocity y of th 


4 rent. a the w heel makes 0 one revolution in a second, while the w rater — 


m moves 2 2 ft., then the ratio is 2 to 1. Iftl there were no friction this sratio 


ad 4 would be constant, and nee revolutions would correspond to a veloc- ‘ 
ity of 6 ft. The sa would follow if the resistance of friction — a 


were: the and the equation | for rating the 


meter would | tes ey =a 3 w y is the sought, ‘the number 


on 


on b 


tween them. The fr friction of supposed t to nea 


7 independent « of the v v elocity. y. The: elias of the bearings will on. 


4 fore be nearly the same at low velocities as at high, and there will be- 


a greater qpeeeies resistance i in the former case. Therefore, there 


Aa will be fewer revolutions of the wheel in proportion to the y velocity. 


but, perhaps, 3 ft. "Therefore, an expression is ‘desired which 
sho show this» var ying relation. Ellis * * gave as om the 


One revolution of the wheel will no ) longer represent 2 ft. of velocit 


years; in fact, until very ‘recently. 


There are several elements, however, implicitly 
this and influence the values of a a b and them 


Price a and w was used in reductions of 1882 several al subsequent 


as for there i is ‘the “slip” to >be ‘considered, the law 


“ofw which is ;unknown, and tt the unequal action of the filaments upon the 


nt angles, accelerating in one direction and 7 -. 


‘The term 5, so far as it depends upon the fric- 


* See Report of the Chief Engiueers 1878,” Vol. P. 


1ese matters were not understood at first, and it is only by patient 
— observation and practice that the importance of extreme care in rating 
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cannot be constant, for it will influenced by the 


f the machinery, the 1 proper lubrication of the » same, | ete., 


all of which have | been show shown to be subject: to irregularities. 
bY The friction of the bearings and working parts is not the only re na 


4 

sistance to be considered, for the action of the water against the con- 

vex ountone of the cups or vanes, which are moving contrary to the | 

current, is ‘also important. ‘The motion of the meter, indeed, hea: tae 
‘upon | the difference the forces exerted by moving water ‘upon 

“cup: “shaped and wedge- shaped surfaces. . These forces are governed 


by laws: altogether | ‘different from those of solid | friction, for they 
depend on the square of the velocity. How important ay 


~ 


a 
z 
° 
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z 
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a played by the total resistance is apparent from the fact that ihe: meter 7 


| not register very low velocities at all. Su aaaey es 


these seem to be be waficient to explain t the 


a one, and that fo orm ula 


equation a strai 


is surprising, then, that ‘the ne earlier “observations were 


“reduced ‘upon that supposition. The constants were ascertained 


ae mbining a number of equations of condition, derived from observa _ 


“tion, on the principle of least squares. 
error introduced this assumption is In a 


_ *At Arkansas City, May 18th-23d, 1893. The observations were taken with all possible 
: care, with a new and well tested meter, by Mr. Thomas C. J, oe, U. 8. Carveges, 
and with orery precaution suggested by previous difficulties. 
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oa ; drawn to the ‘ wer part of the curve O B, it will diverge from the 

 eurve (eee: Fi ig. 4) : at 6 ft. by 0.5 ft., at 7 ft. by near nearly 0. ft. at 8 ft. 
a ‘more than 0. ft. a 0 B, be. drawn from Ot to 9 ft. it will 


as to e, as nearly a as may with thine curve, it will 
from curve at several points from 0.1 to 2 sometimes: 


Aa hi 8 um 1 velocities t too low, the high velocities too high, and a 


of error will be v very ry different for the several cases. In 
low it may be 10 or 20% ; in the high, only 1 lor 2 
cent. It is obvious that by such a method, w w ‘hile the error 


a each point might not be v very ry great, yet it might be sufficient to obseu 


all traces val the law governing the » progression of the discharge, in 


cate s this: is, and by numerous delicate 
Ww hen the circumstances of the the accuracy 


> 


and good faith o of the observers are un 


‘the of probable err error in rating meters. meters. 


"esent Practice in in Rating Stave. —Itis is the rule at pr 
~ meters frequently, ,and to apply the: ratings directly. to the observ rations 


taken during the adjacent period. This has only lat lately been the prac- 


pre 


‘only ccasionally, once in a season, a and y with 
care or method. In 1882, 80 far as the record shows, the meters 

- rated ais and there i is no reason to suppose that the =I 


288 accurate | than those | of 1884-85. Indeed in some 


espects, they. perhaps better. ~The meters, how ever, were mostl a 
too light and ns for the work, the methods : were novel, and most 


of the observers without experi ience. Serie. pieces 


_ Now adays, from the rating ¢ observ vations a line is plotted, the revo- - 


lutions being the ordinates, and the» velocities the ‘abscissas. Fig. 4, 
_ just referred to, is an example of this work. . From the line thus ob. ob- i i 


: tained, the number of revolutions being given, the velocit; may be 


taken by inspection. short, every preca aution is taken that the 
instruments and the men shall tell the truth. W hateve er errors occur 


4 are re mostly due to difficulties or faults i in the method. The difficulties 
are re mostly 0 of two 0 classes—difficulties of ‘manipulation, ¢ or execution, 
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G ON DISCHARGE OF THE MISSISSIPPI. | be 
Difficulties: of Manipulation.— —In a stream like the Mississippi, and 
~ especially at high water, it is “almost or quite impracticable to take J 
4 discharges from. an anchored boat, and, indeed, ‘it is is doubtful w hether aan 
; mon anchored boat could be kept much mane quiet iet than a boat naan = “ 
steam ; therefore the boat is alw ays kept. under Ww ay. The object i is to 
hold it on the range line, and as nearly as as possible at the velocity sta-_ 
— tion, while t the observation : fn in progress. WwW ith all possible skill in 


management, there will be a little drift, direct and lateral. Car are is 


. re always taken, however, to see thet the boat is on the range line at the he 


beginning and the end of the observ ation, so ‘thet the excursions aa 


and down stream may col y compens sate one anc 1other. Lack of this precau- 


nsate 


tion has often conned serious the belief of good observ-— 


should be ine onsiderable. 


‘Iti ‘not alway ays in SW sand depths to 


and i in n old instruments especially the rate is greatly influenced shenetey. fr 
7%; Winds and waves do not influence the mean v velocity, but they shift 
the axis of the eurve of t vertical velocities, 1 and instead ¢ of being at 


nearly | 0. 6 of the depth, as usual, the place of mean velocity in the 
vertical may y be at 0.1 or at 0. 8. Again, the waves produce a ro rocking 0 or 


an up- and- down motion of the boat that is communicated to the meter, 


and the latter  nagiatore these movements as well as the veloc sity of on 


water. of the ‘discharge have been produced 


Situation. —With all the precautions that experience 


observations ‘so so great ‘that for in in any 


of the: ways heretofore indicated. _ Instructive examples of this are to = 
be found in the observations taken ii in 1891 and 1892 at Arkansas ‘as City 


and at Vilson’s Point. Up to this time had been impossible 
check the s observations at one point by. those taken at another, ow ing pr 


to the intervention of tributaries, which introduced a disturbing } ; 
4 difficult to caleulate, hus Helena could not be checked iby 


Arkansas" City in 188 1-85, ‘because the W hite Ar kansas Riv ers 
pow out between the two stations ay ‘variable and unmeasured volume, 4 
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had gaugings taken at the two “places | abov 
named, , 93 ‘miles apart, and without any tributary or other disturbing 


condition between. The results showed the discharge at Arkansas _ : 
City | to ) be 150 000 to 200 000 ft, more than a at Wilson’s Point. # 


well or ill; but it was continuous and persistent. At City, 
from_ 28th to April 4 Ath, ‘were 390 586, ,1 (419 


12 272 440, 1 288 000, 1 219 436, 1 200 578, 1 247 445, 1275904, 1 234 182. 
Averages, 1 411 209 and 1 248 283. _ There was no crevasse or other di 

turbing influence between them. . 7 The same discrepancy d 

_ April 23d, , after which date the difference slowly y diminished. This 

result put the engineers to their wits’ end. The ‘meters 
were compared and exchanged. They had been several years in 

service, and their bear 

requently, an the rates of same a t different tenes 


found to be ve very discrepant. 


Townsend considered meters to be 


1598 682; at Wilson’s Point, 1 364 277. The: were 
_ compared, side by side, and meters and observers were changed, with 
ating the There w vere 1 no disturbing influences be- 
- the two places except the the | ‘ov erflow of of the foreshores outside of 
the boveen, which increased only 1. 7 ft. during ng the interval of 13 day 
equate to — so great a discrepancy. The reservoir space of the 
Point is about 228 miles. An ex excess: of at the e upper 
4 200° 000 ft. per areas would fill the whole reservoir ra. 
in one 
. The los of ch a volum eve ation or 


of the question i eneral loss of volum 


- 
charge coming down stream, as 1s shown at other stations. 
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STARLING ON DISCHARGE OF THE MISSISSIPPI. 
Obliquity of Current.—A plausible solution of the difficulty w was sug- 
gested, it is believed, , by General Comstock, and d Captain Townsend is 


disposed to accept it. “This attributes the excessive registration at 
Arkansas City to obliquity ‘of current. Iti is known that in bends the 
isa a lateral circulation of currents from bank to bank,* the upper cur- 
rent being centrifugal, , the lower centripetal. So in n “crossings,” atthe 
a reversion points of bends, the current leaves the one bank to. occupy the © 


the a 


other. The level ot the water on the left bank i is ‘sometimes as much | 


as 1 ft. above the lev el of the. water ata a point “directly. opposite on the i 4 
right, or the reverse. . oT This difference of h head produces a strong lateral -_ 
onting in with ‘the regular down- “stream 


flow, has resultant acting ata considerable : angle with the axis 0 of the 


deflection was about 10° 30’, a observed w with | 


meters, about 1.59 too great. a At Wilson’s Point, also, 8 subsurface 
floats were run for the same purpese. . The result howe ed a deviation 


even greater than at Arkansas City, namely, about 12°, 


Vertical is likely that vertical currents exert to 


s as ‘powerful effect. W hat is demanded of the meter is that it shall g give 
the velocity of filament i ‘in each vertical which runs parallel to 


‘general direction of the bank and to the notte, or, rather, surface. ee. 


hat meter give ves is the velocity of filament in the 


‘ oblique, horizontal, inclined o or r vertical. ar Fig. 5 be taken to rep- 4 


river in pian, CD and EF being the banks, , then what is 


sought is the velocity in the direction GA 1. What the meter gives is 
perhaps the» velocity i in the direction | KH. If the : sketch, however, be 


taken to represent the profile of the he river, of w which CD is the water BF 


surface and E F the bottom, then is is sought direc- 
tion GAina horizontal plane. 


See “ Britannica,” vel xii, pp. 498-9, article, Hydromechanics,” 
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= taken, de “pth of 0.6 s a submersion of 40 ft. or where q 


the move ments of the meter | cannot be tenerrel and « can be only 


floats This isa a step i in n the right direction. Bat what | i 


a the p partic po position of the ‘meter, ‘both in horizontal and vertical q 


: 


planes, during the time of observation each station. Ac considerable 
must always be as to ‘the . of ordinary 
en though the gen 


we obliquity of of ‘the current nt be known, from the g great irregularit rity 


and turbulency of the current s at ‘such times. Aq Should the ‘meter, at 


- the time e of of registzation, enc counter an eddy, ina a horizontal plane, | or 


a * boil” i ina vertical plane, as at Lin Fig. 5 the indicated veloc- 


~ 


4 ity and direction may be valueless, unless both v velocity an ‘and direction 
be taken at the same moment of time. Several ingenious devices hav 


a. been proposed for t this purpose, and others are under projection. - ee: aa 


- direction c current meter” of Messrs. Rite hie : and Haskell* is an in- 


_ Strument | by whic h the lateral deviation of the ‘meter is ascertained by 
means ae a submerged compass, the travel of the needle of w hich i is 


recorded on a dial above w: water by an ele trical connection. It is not th 
known what measure of success has been attained. 


Other Disturbing Influences. - —There a are a number of disturbing i in- 


fluences, which, like the above, may be be « classified under the head 7 


“ difficulties: of situation,” which affect the at any station 


from time to time, and came any registration which denny only 


have been referred to. ‘Alla are imperfectly kaown, wi when known 


all, ‘and doubtless there are others which are yet u ‘unsuspected. 


A | experienced observer stationed at Arkansas City in 


Described in Engineering Nom, January 10th, 1895. 
Mr. T. J. Baily, Jr., in ‘‘Report of the Mississippi River Commission for 1804, 
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ON DISCHARGE OF THE MISSISSIPPI. 
When the river is in a normal condition, the discharge varies but _ 
‘slightly within a short time; but when near its limits, immense fluctua- 
tions occur within small i intervals. ‘This will be better appreciated by 
an inspection of the velocity « curves. _ ‘These show that when the river 
is very high, the immense flats above will flow out and fill in within a = tet 
very few minutes of each other, affecting the flow by at least 100 000 i) 
same engineer, when at Wilson’s Point, in 1992, re- 
«Two thousand feet above the range on the e Mississippi side, the ‘ 
Duncansby Chute pours an immense volume of water into the river at _ 
_ a high velocity, the axis of the chute forming an angle of 39° with that LT 
7 of the river at the point of entrance. It is believed that this watér, by + 
- eating | out the bar which has formerly existed at the east end of the 
section, is one of the causes of the gre which may be oni 
es minute that it was extremely difficult to judge » w hen. a true aver na 
velocity had been obtained. For reason, these stations were 
Be from 8to20 minutes. * * * From June 6th until the e end, 


‘ 


the current on Station 1 - was running u p stream as determined by oo 
double floats, and the entire partial discharge of this section thereafter — 
was subtracted from the sum of the remaining partial discharges. The _ 
position of the seam between the up and down stream currents was not a7 
at all constant, it shifting from a point 50 ft. “outside | of Station 1 to 


Discharges taken at Chicot City, a few miles above City, 
‘” in 1892 2, showed differences of 100 000 ft. from those taken at the latter — 


"point, and this sometimes in excess, sometimes i in deficiency. 


re is thus seen that, to obtain correct discharges, or or discharges ap- 


proximating correctness, especially at high water, much depends 


the skill, experience, conscientiousness and judgment of the o observ. 


Even with the utmost s skill and care, a discharge « observation made i eins — 
the ordinary way i is simply the determination of the velocities | prevail 
ing at the 1 moment at 10 or 15 or at most 20 isolated points distributed , 


& throughout & Cross- pecction | of 200 000 ) sq. ft. or more, together with the 7 


a ‘sounding of the section at intervals of 50 ft. | or so. y That results -~ 


tained in way re accurately resent the 


the time it might very fr from the mean for 
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of the velocity of the numerous s fillets of w water from the c one 10 side —_— 
the river to the other, Captain Townsend has tried a method which 


he calls the ‘ flanking method,” which “consists ‘in in starting from on 


side » of the river with the meter er submerged to a to a certain depth, usually 


ft., and id slowly ‘‘flanking,” or moving across, keeping t the steam-— a 


oat 8 heed up stream, and keeping on the discharge range, having the 


record running continuously, , but noting the registrations and the time 


is passed. ‘This operation is repeated at at 


course the ‘results: are corrected for the 


te method was as tried, in conjunction » n with the aes plan, ~ 
s City and Wilson’s Point, and was found | +. 
a valuable results of the two trips from bask: 


“bank usually show the existence of a lateral ‘current, though not a 
very strong one, at the depth of immersion of the ‘meter, the difference g 


. of velocities going and coming seldom exceeding 0 0.2 ft. and generally 


4 being less” than one- tenth. They y are more uniform than the results 
_ obtained by the old plan, salt have occasionally corrected the exces-— 
figures of the day, for instance, Ashouses City, 
_ the discharge found by the old or stationary method was 1 667 306; by _ 
oe method, 1 566 5054. On the whole, the two tally more — 
In 1892 1893, the discharges at Arkansas City and Wilson’s Point agree 
fairly well; ana when checked by the results of the e flanking ob observa- 4] 
a" _ tions, they present a very coherent mass of data, affording the most 
trustworthy mIneasurement of the extreme high- -water discharge ever 
obtained on ‘the Mississippi. ‘They show, among other things, ‘that 
‘there is no considerable loss of volume between the two stations by 


evaporation or leakage, : and t between two stations so 


- adjoining, with a nearly stationary river, there is but little w 


be given to the reservoir effect of the channel and the overflo ei bank. 


Possible J eer in Deficiency.—The discharges of 1891 point to the 


of an error in deficiency. From the probabilities of the 


* Report of Mr. Charles H, Miller on at Wilson’ ‘a Potat, “ Report of the 
Mississippi River Commission for 1894,” p. 
; ver 
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STARLING ON DISCHARGE OF THE MIS 


“ease it would : seem that the Arkansas City discharges were nearer to 


the truth than those « observe ed at W ilson’ s Point. 4 That a meter ‘should 
register too high a velocity, from cross- currents, ete., , is 
; but how can it register too low a velocity : Oo 
rn rating, one would suppose; yet the r ratings gs of this ] particular 
instrument are remarkably accordant ; indeed it was a newer and a 


meter | ‘than the one used at Arkansas City. If the recorded 


harge- at Wilson’ Point is ndeed too sm nall, it is to ‘some 


cause yet unknow n. Per haps « an eddy section was subtracted in ‘the ; 


be belief that the eddy general when it was only super ficial. Perhaps 


reading of the meter at a submersion of 0.6 differed from the )mean 
Velocity i in the vertical by a qronker pe proportion than Whatever 


the « cause, it w was s general, for the en error, if it be an error, is s persistent. 


Faults of Method. hatever method determining velocities 


_ used, its correctness depends upon an assumed relation between the 
- yelocitic at different depths i in vertical planes and the mean velocity. 
in the same planes. _ By the method of double floats, and also > by the 


ordinary or stationary method of meter observations, the ‘velocity is 
“taken at: a depth which is a certain fraction of the total depth, usually 
0.5 or 0.6. By rod floats, in depths, the of mean san of a 


certain amber of filaments to a depth of thes or 40 is taken, and 


the method | is at a constant depth ‘below 


the s surface, which depth ‘bears, of course, a perpetually y varying g ratio 


the total depth; 80° different factors are used at the pro-— 


por ional depths t to reduce to the mean ¢ * the v rtica 


It announced by Humphreys : and Abbot, » as as of their 
ed discoveries, * “that the ratio of the mid- -depth velocity to the mean a 


velocity i in any vertical is practically « of the ne depth 
and the widtl ho 


mene velocity y of th vertical curve 


tic ical purposes.” Their on, sup 
pu pose uppo 


they bring to bear, is that sas depths varying from 86 t to 0 27 ft. t. the rat ratio. 


an extreme range only from 0.9868 to 0. 9798. 
th 1882, the > parties who took the discharge observations mate a “a 


large number of velocity measurements in vertion 
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- published in the “Report of the Mississippi River Commission for 
pages 2728, tabulated for each tenth of depth from sur-— 
Pag 


been ex men 
and appliances a and at t great de few of th the figures: 


presented scomed to be anomalous, from errors 0 or 


ne PADUCAH STATION MEANS 


DEPTHI3.4 30.2 300 


16. 


1.5 OBSERVATIONS 


MEAN OF 12 VERTICALS 


Plating the Curves of Vi er rtical Velocities. —In using these observations, 


the curves may be » plotted which are developed by the velocities a at 
different depths" at the several stations, namely, Paducah, Columbus, 

P Helena, Hays’ 8 Landing, and Red River Landing. In 0 order to com- 


_ pare the curves with one » another, the convenient: practice of the e1 engi- 
neers of the River Commission may be and athe 
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RLING on DISC ARGE OF THE MISSISSIPP 


terion “generally adopted is the mid- depth velocity, because it 
is convenient, partly because it has | been supposed to bear a close. onan 


ave 


nearly constant 1 relation to the mean nean velocity. ee pies 


8 W hen single « observa ations are plotted, the curves are very irregular. 
_ They are not curves at all, in fact but broken lines, © A few specimens 


megivenin Fig. 
It would be a perplexing | and, ‘perhaps, an unprofitable task 


attempt to unravel these intricacies. — it would be better to take the 
means groupe of these data, and try to eliminate. in this 


| 


Aut OBSERVATIONS | HIGH WATER 7 WA 
13 u 


means”; that is, the mean all the in 
each vertical plane throughout the season. At each of the five 

vation points a range was taken, as nearly as possible normal to the 


_ course 0 of the river, and on that range @ ‘number of nearly equidistant: . 
stations were established, from to 17 in number, from wi anil of the — 
river to the other. ; No. 1 wi as next the left bank. Observa ations were _ 


A, 
fi taken at these stations, in a } more or less intermittent Manner, , from 


December, 1881, to November, r, 1882, 
shown in Figs. 6, 7, and 9 of the velocity curves 
by taking: a iemssaees of the observed velocities at each station 
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ON DISCHARGE OF THE MISSISS SIPPI. 


"during t the year, at each of the observ ation ‘points: ane aed. above, 
‘and also of the | means ‘of all the observations at each place. These 


results show a similarity it in one in the resem- 


Yation point among then aselves. 


HE LENA. STATION, 1, MEANS 


14 ALL OBSERVATIONS sen WATER + #£LLOW WATER 


3 ALL OBSERVATIONS HIGH WATER 


B. as of curv e displayed by the combin n of all the observations is dis- 
timate traceable at each of the stations. At Paducah there is a little — i ; 
‘more diversity, owing to the peculiarity of the situation just belowthe = 


mouth of a great tributary. 4 Generally, the. family likeness. betweer een 


__At Columbus, for instance, the typical 
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RGE OF THE “MISSI 


- the depth of the nig ikea, for r example, the curve at Station 2 4 


where average depth throughout the was 65 is of 
type as at Station 13, with an av erage depth o of So Hays’ 


_ Landing, § Station 1 12, with a a depth of of 67 ft., presents a eurve which — 


does not essentially from that by Station 24 , with 18 ft. of 


| 


TAT | 
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ag 


HIGH WATER LOW 


depth. One important difference there is, namely, that the minimum 
a or r bottom velocity often bears a closer ratio. to the maximum in small 


a depths than in 1 great, a . point to which attention may be directed here- 


after. At Red River Landing the cbeorentions were so few (usually 
one or two at each station) that. ‘the means are very irregular, and are 


more indiv idual observa ations. Fig. 9 also shows plottings 
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STARLING on DISC HARGE OF THE ‘MISSISSIPPI. 


Ratio Between Mean and Mid-Depth Velocity _The results 


observations of 1882, as far as s they go, do not confirm the conclusions — 


Humphreys and Abbot with regard t to the constancy of the 


ratio betw een and mid- -depth velocity, nor as to the numerical 


value of that ratio. ‘There are no mean velocities: in n the indiv idual 


-_-vertical planes reported. ~The ratio between the mean of the 


z= velocities i in all the verticals at each. observs ation point and the mean o | 


mid-depth velocities in th e same verticals varied from 0.937 to 0. 981. 


The: mean of all s 0.958. t Paducah, Mr. Twining gives es 


- the mean coefficient for the re reduction of mid- depth to mean aaa. 


lanes, as 0.965, varying, however, for the several stations, 
0.94 944 1. ana for the two sides of the river 0.955 


0. 975. At Carrollton, in 1883, Mr. Price ‘percentage 
little less for” 


rising river ory a litt] little more for a falling riv riv er. er. The range. of values, 
for ‘means, was from 0 .9650 to | 0.9571. Mr. Powless’ 8 ‘observations | at 
Fulton in 1879-80 were taken with imperfect, apparatus (double floats), — 


and seem hardly comparable to 0 those of later date. es They give a ratio. 
near rly 1 unity, the mean velocity being sometimes the greater. The | 

weed at Arkansas City for reducing | mid- -depth to mean velocity. 


0. At W ilson’ s Point it is 0.9550. * ‘Red River Landing the 


‘The method suggested by Humphreys and _ Abbot for cheldging 


Lore 
the operation of taking discharges was to take velocities at mid- 
depth only, and to reduce the | e quantity thus obtained to_ ‘mean, in a 
each vertical, by the use of the coefficients found by them. As the the 7 


relation, as announced by them, was so close, in the early observations 


under the Mississippi River Commission, namely, prior to 1883, the — 


a mid- velocity w Ww assumed to the m mean, and the discharges 


In om. however, the velocities seem to have been obtained, in sae 
measure, by the e integration method. ‘The r reduction and discussion of 


one in vertical planes made i in 1882, howev er, Showed that 


= was far ‘from cor rrect. At Paducah the mean 


ah. was found at 0. of the total depth, at Columbus 0.71, at Helena 


fe 
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ST ARLING ON DISCHARGE | OF THE MISSISSIPP 
mean of all w as 0. 63. In Price’ 8 Carrollton | observat rations of 1883, 
7 the mid- depth velocity w was diminished by 3.5 to » 4%, according to cir. e. 


cumstances. In 1884-85 and ‘subsequently, up to a recent date, 


velocities were taken at 0.6 depth, and the results seee-taga as the mean 
velocities for those verticals 1 without correction. At the ae day 


is sometimes applied, though n not uniformly. 
erticals in 1882, 


to compare ‘them with ve velocities ai at different depths, was 


usually by integration, as practiced by Mr. ‘Révy i in “1871, * and, per- 


haps, by others; that is, the meter was lowe ered from the , surface to the ' 
bottom and then raised from the bottom to the surface, , the total num- — - 
ber of revolutions being counted ‘a the time e elapsed being noted. — 


y 


2 The total number of revolutions divided by the time gives s the mean 


Velocities Taken at Different Depts. —here some objections: 


prt at high water, when | depths are very great and currents very 
strong and turbulent, the meter under oveny imperfect o control, and its | 


behavior entirely exempt from scrutiny. ny. Since ; a coefficient of reduc- — 


tion nes to be spplied anyhow, the innovation has been intro- 


duced of taking observations at various depths as ‘might be most i 
convenient, or at a fixed d depth of 200 or (25 ‘ft, as in flanking, : and i re- _ 


ducing bys a factor. method in 1893 at Arkansas 


and Wilson’s Point, and the results seem to have been more accordant 


ane more satiafactory than usual. The factors of reduction 1 used are 


giv en for the: information of the profession. At. Arkansas. City: At 0. 1 
_ depth, 0.8978; at 0.2, 0. 8966; at 0. 8, 0.9081; at 0. 4, 0. 9272; at 0.5 
at 0. as, 0. 9681; at 0. 7, 0411; at 0. 0.8, 1. 0964; at 0. 9, 1. At bs 


349; at 0.5, 0.9550; at 06, 0.9897; at 0, 1.0295; at 0.8, 1.0980; “ 


.9, 1.195 59. It would undoubtedly conduce to aceuraey to ‘use 
factors for g: great and ‘small depths, from the fact that the curves 
_ of vertical velocities often vary much with the stage of the water. a - 


cx: Imperfections of Method.— The imperfections of the ordinary method 


a re principally these: It is assumed that the 0.6 velocity, corrected or 
uncorrected, represents the e mean velocity in any ver tical plane, and dit 


= assumed that the velocity : varies uniformly from. station to 10 station | in 
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See his “ Hydraulics of Great Rivers,” pp.17,18,etco. 


STARLING oN DISCHARGE OF THE MISSISSIPPI. 


horizontal plane. the grand mean it is that assump- 
= 4 tions are nearly correct. any individual case they a are likely to 


“foun d Lies a de epth of 0. 71. _ At Carrollton, in 1883. pe high wa w vater, the place 


mean velocity was at a depth of 0. 175 at low water, 0. 66. It cannot be 
safely assumed, then, that the ® place 


n velocity i is be found at 
the si same e depth a at all stations o esame station at different stages; 


a mor ¢ does there seem to be any good reason W why such a result s should. be 

“expected. The curves of vertical velocity, as plotted from | the indi- , 

vidual observations of 1882, ‘differ widely from one another. Some 


the me méan velocity at 0.3 depth, at 0. The error 
‘ 


by assuming 0.6 is sometimes as much as 0.5 ft. per second. — Itis 


ustially much less than this, not ot more th than 0.1 ft. _ The error consequent a 


hale on the assumption ot uniform var variation of f velocity i ine] horizontal ntal plane 
will, of course, depend « on the number observation “points. Some 
experiments were made by ‘Captain Townsend, in 1893, with a view of 
a ‘determining t the able error caused by: taking stations too far apart. 7 
ischar; accordingly calculated with the stat 150 ft. apart, 
ards with the intermediate stations the 
“points the velocity was measured 300 ft. a) apart. The results are ae 
- given on page 2949 of th the ‘‘ Report of the Mississippi I River | X 
onl 1894. The found was shout ut 3 per cont. 


Ordinarily it w as less am 1 per cent. The excess w * met uniform 


4. “Hi is evident ‘that in any individual case it is a violent assumption 
Pa that a single « observation, at no matter what depth, will | ‘represent. ac 
7 curately the mean velocity ofa partial area of | 2.000 to 20 000 ‘sq. ft., 
and that 20 such observations will give the mean . velocity of a a ‘turbu- 
and irregular r river r of a @ cross-8e section of 200 000 or 250 000 sq. ft.., 
an and a discharge of 1 500 000 cu. ft. The er errors may compensate one 


1. 


another, or they 1 may y be cumulative. tive. In short, it: is s clear that 


out of the question by means s heretofore emplozed. 


is that the results att ined by present 
methods are more accordant than woe would have been if the actual 


mental for they partake of the 
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AR ANG ‘DISCH — OF THE } 


alrea ady learned, it will a appear that the 
discharge itself varies considerably from day to day ond 


moment to moment. Iti is influenced by the supply from tributaries 

and the return flow from basins, which i is of itself very irregular, de (oa 
pending on accidents of rainfall, by winds, by disturbances of 4 

2 cross-sec tion due to. cav ing and the passage of sand waves, by changes 
in the conformation of the shores, by the e shifting 0 of currents due to — 

- the change from low- water to high- water channels and the e reverse, and es am 
doubtless ton many 1y other r causes not ‘understood or or suspected. Ebbs: 
and flows are frequently observed in the reading of gauges. — _ Even on 
still days ‘the gauge will fluctuate a tenth or so while the observer | is 
looking at it. The existence of what have been called p pulsations of 

the current nt has b been affirmed and denied. In the case ea winds, it is 

. known that by their influence the t rehnond of the current is shifted both > 
vertically. and laterally. In fact, “every record gives ev: evidence of what, 
are called great irregularities in the motion of the water. ‘Several 


this have already been cited. Iti is true that these 
r; but. 


= cannot oscillations; it can them from becoming 


| 


excessive. Asan instance of extreme e departure from mean conditions, , 

on May 3d 1892, ‘measured discharge was: 


1 532 875. Next morning was to 1 733 Astonished at 
this enormous , discrepancy, the engineers repeated the observation on 


the afternoon of the same day, and found 1 741 526. ‘The next oa 
May 5th, it was found sal be 1589 172. At W ilson’ 8 Point, 93 miles — 
below, there is no trace of such a perturbation on that or the several _ 
: following d days. It was the therefore or altogether illusory. 


In 1893, at Arkansas City, a an excessive discharge, as found 
- ordinary method, was | corrected by the flanking method. 


3 


‘The: thirteen published volumes of the Reports Mississippi 
‘Riv er Commission” contain a vast mass of { heterogeneous data on the E 


subject of discharges, carefully reduced and tabulated i ina suitable form o 


for use. . The ey cover pretty nearly « “every stage | and every condition, and 


constitute a great storehouse of information. - On attempting to make y 


use, how ever, of these laboriously acquired facts, the investigator ris 


nature of mean results. and are thus anvnroximated somewhat to one _ 
_ 
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ISCHARGE OF THE 
a at the very outset with grave doubt whether they are facts or 


Many of them, as will be found on the most superficial examina- a 


tion, are flatly y contradictory of one another. Therefore they 
not all b be true. - This being th the case, which are true and which are 


It is s found that a discharge of 1400 000 passed one 


1.200 000 at only day's interval, 


of 41 pass passes this yes year ar at 35; even the peaary seasons of the same year. 


will witness a1 an almost equal disparity. A drawn from the 
careful stui 


The coefi mula varies from 


a 145 to 9 


“one of profound soap sm. There i is no o truth in in its - 
or if there be “any, it is impossible to distinguish it. Gradually, 


however, he finds that certain features are constantly reproduced; 
that in the forms there are shadow ry outlines, like 


those composite photographs. Even the ‘most chaotic-looking_ 


curve has a general dire ection, a tendency toward a central line or axis. 


He finds that what he rashly y pronounced to ay lies are often a and 
truths, concealed or deeply o overlaid, it ma may. be, by films of e 


by temporar) y ‘hat he wants is there, i 


Of the long g list of discharges give en in Table No. II, two series ere 


# particularly aaa those of 1882, from their great extent, both in a 
pr val river and in nate and “from ‘the fact that they « contain the — 


¢ 
in it is to study the effect of the closer con-— 


of end food waters ond the greater heights thereby attained. 
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ny 5 at the same place and stage, and within two weeks. The dis- 4 
rve is like a skein o g . 
— 
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— 
— 
Oras OL the greavest KHOWD NOod, ald Ose De 
—— a they also cover a wide range from high to low water, and because they 1" gS 
have been thoroughly discussed, and there is a pretty accurate 
knowledge of the methods practiced and the probable sources of error 
8 
brace only a limited range, being confined to perplexing and indecisive 


STARLING ON SCHARGE ‘OF THE MISSISSIPPI. 

Onszcrs Sovent. 

The ‘immediate object is to find out, , first, what was the greatest 


ree 


“actual ‘discharge that ever passed down the Mississippi, esate only that 


Tica was held | in the channel, but also > that t which passed in ‘the 
,W rat t height 


a flood have reached on the gauges of the stations 


if it had all been restrained between | benke « or levees. ‘Better than oe 
all would it be to find out the general law regulating © the | relations of 


‘the discharge to the gauge, s ‘so that it would be possible, not only to 7 


ascertain the height corresponding to the maximum discharge, but to. 


any discharge, at any time, past, present or future iT This Test ii is 


the philosopher s stone of the r river engineer. 
a The Flood of 1882. —In the year 1882 occurred what is considered 


the greatest flood that has ever been known, and if the discharge of © 


- that year had been measured with accuracy, half of the question would — 
have been answered. * But only a a part. of the discharge was measured, 


and that at pre etty crudely. In that year, the levee system was in a very 


imperfect, rudimentary, state. The ‘Saint Francis Basin vas 


is leveed at all. | The V White River Basin had only a few fragments ofold 
and private > systems. as. The upper portion of the Yazoo Basin had the 


ie remains of an old system in a ruinous condition. The lower part of 


es the same territory had a continuous line, but weak and insufficient. 
upper Tensas District (from Cypress Creek to to few miles below 


the boundary between and Louisiana) had a broken and frag- 
~ mentary line, as good as none. a ‘The Louisiana levees were small, weak a 


“and discontinuous. Consequently, long before river had reached 


its height, it began to ov verflow its banks and to | escape »e through ¢ gaps 
in the old embankments and 1 frequently over their tops. As it rose still a 


“higher, it began to break the levees, and a, finally, on the w ell remem- 
dered night of February 28th, a aviolent storm arose, which « demolished 


the embankments of the lower Yazoo District in 30 or 40 places, and 
: ‘those of Louisiana in perhaps ”~ many more. A This was eight or ten 


s before the flood would have attained its culmination. 
Of the vast volumes of water w hich “escaped from t the main | river, a ? 
Mies 


large quantities found their w ay back to the channel. that which 
= abstracted immediately b below w Cairo, ii 


in the bends immediately below, and was 
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| STARLI ING ON DISCHARGE OF THE MISSISSIP PI. 


7 . Nearly ‘ ae came back into the river at New Madrid, but no o discharge 
ere taken there. Of that which poured into the Saint Francis Basin, 


all returned at or ‘above w hat was lost by ev aporation 


liane or was retained in the lakes and sw amps. . That which escaped 


into the Yazoo ‘Basin was returned, in the ‘same above icke- 
burg. Of that ‘which filled the White Biver Basin part was restored 


through the White and Arkansas ‘Rivers, o or the foot of the basin 


above Arkansas City: part went to “swell the enormous volume di: 


_ cha ged into the Tensas Basin, to be partially ‘returned through Red 4 


by the Atchafalaya and the low lands of the basin of the latter 


River, but 1 mostly never t to see the Mississippi | again, being conveyed 


direc tly to the Gulf of Mexico. 


ae 4 Attempts were mate to measure the escaping water as well as that 4 


hich was retained i in the channel, and i in one way or another all of it 


; accounted for. It is very difficult to es legree of cr as 


dence to be attached to the crevasse and over- bank Porat . High- — 


water discharges are attended with many sources of error, some of © 
which shave been en indicated. Not only are the estimates of the 
of water | passing liable to be deceptive, but the e disturbances produced 


by. qvevansen, escapes and return flows have a very great effect upon — 


the st stage. Admitting, for instance, that 500 000 ft. of discharge 

- passed Helena, ‘yet it is ‘probable that i in a closely confined river it 

on river r while within its benks ‘The dis- dis- 


and may be checked by one another or taken. 


vations made such therefore afford the best means of study: 

a ing the laws regulating the discharge, and the results at arrived at by 


such h reasoning mi may be applied, v with proper modifications, to the case ia 


of a . confined river at stages. 


CURVES. 


Ly? 
Tos arrive at a preliminary of the law governing pro- 
_ gression of any series of data, a customary and excellent method is 1: 


4 slot those data to some argument that nae to have a rupee: n 


ith them and is itself known or easily a ascertainal ble. “This is an 


would have passed at a stage of 50 ft. instead of at 47. The behavior of 
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constructed i in which each § successive gauge height shall correspond t to 


so many cubic feet of discharge. 


These curves, says } Debauve,* are par abolas, convex to the axis of a 
ordinates (the gauge heights) a4 The curve of mean velocities is con- 


: cave tow vard the same axis. _ These, he co continues, are precious indica- 


tions as to the general form of curves of discharge and velocity, and he 

they enable th these curves to be great accuracy as soon as 
two or three | points have been determined ‘carefully, | ‘and the correct- = 


ness of a series of experiments 1 - be checked, and anomalies and 


The Discharge Curves o of the Mississippi Very Complicated.— —Debauve’s 7 
fd rem ae are in the main judicious; and doubtless in smaller rivers, and 


especially | those of fixed regimen, it is comparatively easy to trace 


case of the Mississi ppi, ,such a is at- 


but, even with perfectly correct numerical estimates, the relations 


:* setween gauge and discharge vary extremely from time to time, =. 


to the instabilty of the bed. 7 There are © always, _ in all riv ers, varia- — 


. tions in these relations due to the 1 rising - and falling x stages; bt but with 
4 the Mississippi this is but the beginning « of of complications. As Asan 
‘illustration, let there of 1882 at one of he 
stations, sa; say Columbus. The result is shown on Plate VI. The 
‘fi re h 1 t 1, I it t tt ti t fit ticul 
gure has a general trend, but as ho shhamny ing to fit any par cular 


curve to it, or deducing from it any law, it che bafiling i in the extreme. 

for plotting mys euch observations as were mate at 


‘These bizarre- looking figures may be. greatly simplified by select- 


é ments. The adoption of this ¢ course will give an assemblage of 


‘through which a curve be drawn | that w will them 
per ectly, but all tolerably, and all about equally well ; but when 
is made ¢ to them, to compare relations Ww which 


part wi e from another. 


curious and complicated and of ‘the 


actual velocity curves are not inexplicable. Part of them are due ti 


t From the “ Report of the Mississippi River Commission for 1883, patie, 


tended many difficulties. Not only are the data very i 


: 
p 
« 
if 
— 
— 
; — 
i 

q 


“ 


— 
—— 


errors of observation. All of them are more or less affected d by such - 
but the qrenter part, by their persistency. and evident co 


nection, show: that they are genuine. e. There is no use in attempting 
to aver rage them away. On the contrary, they are worthy of careful 


Ses 


study, and ax an ‘investigation of them cannot fail to be profitable. For 


this purpose, and in order to be able to ‘discriminate between errors — 
and 1 unexpected or unexplained truths, it will be well to back 

“Tittle val and this the weed ‘that th ‘there i is an axiom 


velocity” of a stream is an artificial — 


quantity, not actually existing in nature. «dt is simply the quotient 
obtained by ‘dividing the discharge by: the of cross- s-section. 


The fact that the n mean vi elocity is an abstraction 


velocit 
of. - Such ex pressions as ‘ the water prism passing such a point’ ” are . 


4 often heard, the water prism being supposed to be a mass of water having is 
a base equal to the area of the -Cross-8 -section at tl that point and a length 


equal to the mean velocity for the time considered. In reality no 


— water prism passes. There does, indeed, : a 8 quantity of water pae 


sa diferent. velocity fr from t that w adjoins i it. The upper ayers 


each verticai section ‘pass at a ‘speed which is ‘frequently double 
that of the bottom om layers, and the surface ce velocity i in the main channel > 


is sometimes s four ‘times es that next the eshore, Grave errors have ofter 
a2 


facts, palpable as they are. 


Slope: of the Water Surface. —If is any one principle in 


one would firmly established, it is that in open 


- neer of f reputation,* who thought the that the observed phenomena o of the 
“ flow 0 of rivers could wate be explained by it it. He accordingly returned 
to the doctrine of the older Italian hydraulicians, that velocity ina 


| Tunning s stream am depended o on depth below t the | ‘surface. a Indeed, these +. 


— q 
— 
E 
— 
a 
— 
— 
— Channels.” Rangoon, 1875, 
— 
— 


I 


waiform motion 1 the equal ¢ the resistances. 


‘The application « of these formulas to living streams depends on the 


greater or less approximation of the actual circumstance 


manded theh hypothesis of uniform motion. 


Permanent and Uniform Flow.—The essence of permanent 1 motion of oa - 
water is equality of dise scharge al at the various cross-sections. ea Uniform 


ow i is to | to he thet particular "permanent flow in 


surface. ~“ If it it be conceded that in a n a flowing ‘stream, after a greater or 
less time, a s condition i is attained similar to that demanded by the poe 


4 


- tulate, then an equation r may be found which shall express the equi- 
librium between the accelerating and d the retarding forces. The accel- 


erating Sores i is gravity. ‘The retarding force is supposed to he fries 


tion, either of the flowi ing liquid | on the solid walls betw ween 1 which it ‘: 
runs, Or ¢ of the particles o of liquid am among themselves, the latter consti- 
tuting what is commonly called viscosity or viscidity. 
7 Considering only the former element, it is thought probable a priori, . 


| 


o-called laws o of fluid friction is is very 
ering the importance of the subject and the momentous 


a which ] have been drawn from the anid laws; and their correetn 


not be considered firmly established ‘The lan laws are as follows: 


the duid aod the solid against which it shows. 


Lg 


The frictional resistance of large 1 surfaces: is proportional to so 


At low velocities of n not more than 1 in. per second mad 


resistance increases directly as the relative velocity of the fluid and 


the surface against which it moves. At velocities of 0.5 f it. per second 


and grecter the frictional resistance is more nearly proportional to the 


one * “Encyclopedia Britannica,” Vol. XII, p, 482, article “ * Hydromechanice, ae aie 


4 phenomena are so puzzling that ra = 

— 
— 
and it has been approximately found by experiment that the resisting eh a a 
Ag power of friction of solids on liquids varies directly as the square of © a — 
4 
t the — 
i 


laws and the laws govern bodies falling 
on ‘slope, -section and wetted perimeter, or, in short, slope 
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: 5 under t the influence of gravity it is easy to deduce a formals depend- 


and mean depth. The result i the w we all 


embraces in itself pretty nearly all hydraulic formulas 


In the Shézy formula c is supposed to be a constant. 


the diam it isa function of r or of s, or of some quantity not 


in the formula, as s the of ‘the channel, ete. It 


2 4 There. are several reasons which militate | against the em employment of 
this formula, i in any of its modifications, for ‘general purposes ; that 


is, is, as s applied to all 6 sorts s of riv ers, all 1 stages, all slopes, all forms sof = 


e use of the formula for dif- 


ferent river ; some. eof them are ady erse to the 
possibility of devi ising, for the Mississippi. and rivers of ‘similar | type, 


a rational expression for the relations between the several variables, 
¥ 
. even for different stages at the same place. ic This does not exclude the om 


hope « of finding | empirical e expressions ons which ma may y be useful for local 


and temporary purposes 


General Formulas. —First.—The hypothesis of 


It i is asserted | and taken for granted that the stream is 

n a eet of equilibrium betw een the resisting and. accelerating 


© 


| 


It i is that the bed of ‘the ‘stream, even though 
irregular, is unalterable, Itv will be seen that this i is very far f rom true, 


j 


— 
— 
— 

if it be attempted to apply it to any other case it must be modified to 
— | 
— 
E 
— 
— 
— 
resistance encountered 18 that of fluid friction, which 1s subject to the i 
above, 
Fourth.—It is assumed that the symbol represents the mean 

; 
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_ and that the aioe in the area of the cross- -section have a serious 


a 
disturbing effect on the ve locity. 
rth. —For purposes, the only 


mated, for instance, from one gauge | station to another. In the appli- 


cation 0 of. a formula, it must be assumed that this slope is the same as 
local slope, 8, of the formula, or ‘bears a definite relation to. 


_ which is not correct, unless by accident. Even the local ‘slope is not | 


for all parts of cross- but varies greatly from 


Sk will appear more clearly show very far the actual condition of the 


_ Yiver departs from uniform motion. it is said, howev er, that the a 
& hypothesis may be applied on the supposition that the portion of the | as 
Team considered i is so short, unobstructed and regular that it shall 


conform nearly to the required conditiou. , This would confine the , 
for mula, | strictly speaking, to to one stretch at a time ; or, ; at m¢ most, its use 


A 


Ww be limited to localities Ww yhich Ww exactly similar. 


Equilibrium. — —It is usually asserted and taken for granted that 
rivers are ina state of equilibrium, and this is the foundation fthe a 


pred 
theory of uniform motion. If a stream of w flow down aninclined 


ccelerated by the action of gravity at a unifor orm 


ite The resistance sof ‘friction, on the other hand, increases as the 


Conseq uently, the velocity ine reases, the 
1 


being expended i in ov ercoming the friction n of the bed. his 7 [io 
Dub uat’s Experiments. .—It is well known that most of the -experi- 


7 ments on which is founded the present knowledge of the motion of 7 7 


water were made on a very small scale. . Theg greater part of Dubuat’s 


series of observations were made w with troughs less than 20ins, 

ie. It i is w wonder fulwhat | 

luable and even brilliant were achie with such 

perfect means. It i is almost equally wonder ful how many inferences 


hastily drawn from such imperfect data (not, , however, by Dubuat 
_ himself) have been een accepted as facts. It is no doubt true that, ; given a 


matter what the cross-section or what the inclination, at some time a 
< _ state of equilibrium would be reached. The smaller the stream, the 


— 
— 
| 
4 by the slope 
= 
— 
x 
— 
ane, the Velocity 1S = 
> are and after that the matian ia nniform the work of 


wooden trough ( 656 | ft. pony even with so ater a slope a as 1 in: 10, » equi 


librium = attained within the first 108 ft. * In very § great rivers it 


ay not occur at all. In: fact, it is probable that it does not « vecur, 4 


it did, then no matter what the relations between the resistance and 


ve the velocity, the ec equilibrium, being established t upon a certain slope, 


continue to subsist st upon t the same slope. 


In fact, the equation R=W sin. i, whieh expresses the — 


ees 
= between the resistance and the effective component of the e weight, or 
the ‘accelerating fe force, is impossible e except in strictly u unifor m motion; 


- that i is, when the. cross-sections are not only equiv alent in area, but are 


similar in 1 form, with the water surface e parallel to the river-bed. r The 
equation merely oxprenses the proposition that in a stream of uniform 


ed, section and slope, in which a condition of equilibrium has been 


attained, the velocity will be expressed by the relation vw=cYr 


it any one ot the conditions fail, the ‘equation ought 1 not to, ,» and v 
not, hold good. if it be true of one ne shape o of cross-section, it will not be 


true of another er shape; if it be true of high-water conditions, ‘it will not 
necessarily be true of low-water conditions; that i is, in these onnen c 


will not be a constant, | or will not be the same constant at Helena as 
at Carrollton, at high water as at low. if it be true of a stream ine 


which ‘equilibrium has been reached, , it will not be true w rhen that 
ondition has never existed or has been. disturbed. er 
q Modified Equilibr ium. .—Though the ideal equilibrium of the formula 


does n not exist (for | that would uniformity of slope), yet that 


is a quas 
velocity i is aie the s same, in . the ‘mean, from the head to the 


the alluvial valley; in other w ords, ‘the accelerating and retard-_ 


«ing forces” balan ce one another in the long run. The accelerating 
force is always but the effective of that force 


a. varies widely with the perpetual changes of local slope. The ‘retard-_ 
i - ing force, too, is always of the same nature. It It is the resistance of 
the bed; - but this, i in a natural stream, is very different from the ‘or 
posed friction of a uniform and section ina ‘straight ‘reach 
a fixed inclination. It is rather composed of a ‘Series of shocks 
or paroxysms, each followed 


(American edition, by Bennett.) _ 
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Be ae sooner would this condition occur. With very small channels it may —. 

=< 
— a 
— 
tm 
off a 
a 
— a 

_ 
— 
— 

a 
— 


AB (Fig. 10), is is followed aby 
the bottom at the change to flatter ‘inclination, 


pa 


The swift in ‘the nearly straight pat part of the bend AB 
followed | by the shock against the bank in the bight of the bend B ws 4 


Var 


Each of these shocks brings the velocity to ac heck, which is 


‘mediately succeeded by ¢ an acceleration w here there is a renewal of | 

the conditions favorable to the same. ke here is a series of of oscillations. 


i. Each acceleration speedily brings a about ‘its: own 1 correction, which is 


r- correction; and each ‘retardment the condi- 


In a stream thes organized, a sy equilibrinm may 


"expression is is » tone ina Limited sense, and that: the 


<i ium is is liable to disturbance whenever there isa change e of  cir- 


ea at extrem: 


If it is ed that in eve 10 y years there 


waters, five reac hing bank-full stage, ten in whisk mid-stage 


prevails and ten of ordinary low water, or, and if ex extreme high water be 


too to occupy one month, bank- full stage two months, mid- mid-stage 

fon months, and low water three months, the formative 

forces of the several stages for the 10 years will be about as 12, 50, 


20 and 4; the great forces which prevail in extreme flood b being partly 


compensated by the rar rarity and the st sheet duration of ‘the and 


v 


the e frequency and length of ordinary floods and medium stages ¢ giv ing 


them an influence to which their dynamic importance would not 
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‘The formation of the bed of a sedimentary stream depends on the 
combined influences of all the different stages. Of these, the high- — 
‘of water stages are by far the most_powerful, from both volume and veloc- _ 7 a 
ity he living 1004 is more than a hundred times 
what it is at extreme low water. At bank-full stage it is twenty times a 
— 
| 
— 

i= 
— 


medium the general features of the that lov we 


- _ stages subject it to certain modifications which, in tur n, are remov ed a 


t oxt floox d. 

There is no necessary antagonism, in general, between the hig 

_ water and the low- water forces. The general ‘slope and general c crose- 


Bee ‘tion of the stream ar re t affected by the trans sition. It is not cle 


at 


any general fill or neral scour is attributed to either 
stage. The modifica ations w which oceur from changes “of stage appear 


to be loca local |. They e consist mostly in the building of the bars and - the 


deepening of the pools in time. of flood and the rev versal - these pe oy 


Changes Water Slope with ‘Stage. —W hile, by operations, 


gen neral dimensions and slope of the bed are not affected, unless by “za 
an unusual prolonga’ ation of the high or low stage, or an unusual s 


sion of high-water or of low-water years, yet the local modification: 


ahs = them are considerable; and more than this, the water slope, w a . 


in flood exhibited an “appr roximation to uniform ity, and ac ; 


dependence of minor inequatities of the | eed, in low water contains 


e strictly to those inequahties, and great variations of local 


introduced. y ~The general equilibrium is is not disturbed, or rather, 
there is is substituted for it te different sort of equilibr brium. There i is 


z 


4 a longer the 1 violent shock against the banks or bottom. 1. Iti is not neces- 
sary, and the conditions are not in for ree to produce i it t. The equi- 


ties 


> ‘h now exists appro. imates ‘more nearly to the 


equilibrium of uniform motion, with the necessary ‘modifications due_ 


violent changes of cross-section and Islope. 


Ff Equilibri ium Exists at High Stages, It Will at Low.—Let there 


_ be given a certain channel of uniform dimensions and of fixed slope, 


a let it be sonented that after a certain point has been reached a 


stream as full as the ehennel will — will bein a state of ex juilibrium, © 


the | the 1 resistances balancing the accelers on. Let now the stream 


reduced i in size; ‘ity w vil still be in abies No > matter how low the 


inclination of the « channel nor how small the stream, if the greater 


ill be. But the r 


tion will b be di proportionately great, the 
q low, and the « area of the cross-section consequently increased. x It will 


7 4 take ¢ asl shorter ti time for t the small and low stream to reach equilibrium | 


— 
— 

il» 
— 
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— 
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STARLING OF THE MISSISSIP! 
n for the large ia rapid one. 7 According to Dubuat’se: 


a equilibrium was established, the he velocity then: attained = equal 
to that due to the entire fall, _ the head due to t the mean velocity 


s equal to the difference between the height of the 


the anal v was and of the uniform section. * The bottom 


If, therefore, a channel be « of such dimensions and slopeva as sto. carry 


a large stream in equilibrium, it will carry a small one. . The resist- 
ance due to the. area of the rubbing surface will be greater in nitintil : 


a tion to the volume e carried in the latter case than in the former, but 


he he resistance due to will be ‘Tess. If ‘the w 


sien the proportion of rubbing surface to volume will be increased 7.5 _ 


times. it the velocity be reduced from 6 to.2.2 ft. second, t t 


resistance due to veloc ity will be reduced 7.5 times. es. In short, the 


P roportions = be so adjusted that a new equilibrium will be estab- 


ona Small Scale Not Necessarily Applicable to Great 


_ —The conclusions drawn from experiments on a small scale cannot be 


applied, ‘except by analogy, to oot rivers, or per naps even to small 


- ones; and in applying the a an: 


alogy, due heed n must e paid ‘to all 


cumstances. cannot be inferred, for instance, in the case of the 
“Mississippi, supposing the origin of “velocities to be Cairo, that an 


equilibrium would be attained as soon as a mean velocity of 6 ft. was 


‘reach th fall due to whic » is 0. 56 t., = corresponding to 


“mile and a half of f distance. If suc such we: were the « case, the slope, a as 


bee intimated before, would be constant below this point.” But would 


ot a curved slope carry dischar Ww ell Undoubtedly ; 


ase of equilibrium, the velocity, under the circumstances’ of 


- deer easing ‘slope, would be reduced and the cross-section increased as 


the slope became flatter and flatter, which i is known to be the soverse ail 


the truth, and which would, indeed, be incompatible v with the ve very ex- 7 
istence vel 8 lanes beari ring stream, as it would not permit the transporta- _ 
Such a condition would lead to the 
nih pretty rapid fil Hing up of the lower reaches of the river. — 


» The means by which the velocity is maintained nearly constant 


‘under the continual changes of are several. In “tha! part of 


Aubuisson, “Hydraulics,” p. 136. 


tha periments, 2 4 2 
reservoir whence a 
— 
iii 
Rivers, 
— 
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where the slope i is steepest, the cross-section i is wide and shal- 


low. Bars and islands are ‘plentiful. ‘Large volumes of water are lost 
* points” in flood time, or escape into the basins and 


returned at the outfalls of the : same. . There a are . violent alternations of | 


h, deep bends, frequently with tote of inerodable or difficultly a, 


erodable material. As the slope becomes flatter, the be- 
r rable to the passage of the discharge, , de eper, 


rower, ‘until, as “te Gulf is approached, it has not much ane (hen 


half the width that it possessed above ‘Helena, and has : almost double i 


the depth. It is al also somewhat straighter and has | much easier curves 
a 


a more symmetrical and more uniform cross-section. 


a The resistances above enumerated are very “difficult to be reduced 
to a formula. < While it eit may be said that the sum of them is equal to 


“the foree, y yet how al the sum of to be obtaine 
be Resistances | of this kind cannot be classified under the head of friction. 
et The assumption cannot be made of them that they are independent of 
a pressure or weight . They partake, ot fact of the nature of work. me 


: Fluid Friction and V; iscosity.—It has been seen that the resistances 
* a the flow of water are of two classes; one depending o on the solid « ‘sur 
face with Ww hich ne water is in contact, and the other on 2 the 
relations of the particles of the fluid among themselve: es, ‘and these have 
_ been called by the names of friction and viscosity. I If these terms are 
be to be understood « as embracing t between them the total resistance, they 
ust be a accepted in very different significations from those which ode 
: usually bear. It is evident, from what has just been said, that pure 
friction is responsible | only for a part and possibly a small part of the 
na resistance of the walls of the « channel; and it appears certain that aad 
‘siden of the channel were perfec tly and the 
: oid on one another without disturbance, the effect. of viscosity would 
comparatively slight. fact was adverted to by Dupuit, in his. 
discussi mc of the relations between bot velocity. 


. ** Boussinesq has shown that the central filament in a semi- an 


canal of 1 m. radius, and inclined at a slope of only 0.0001, would have — 


— 
lz: 
— 4 
q 
— 
— 
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a velocity of 187 m. per enna aie layer next the boundary remaining a 
at rest. But before such a a difference of velocity can arise, the motion > 
of the fluid becomes much more complicated. Volumes” of fluid : are 
detached continually the boundaries, and, revolving, form 
eddies traversing the fluid in all directions, and sliding with finite — 
relative velocities ugainst those surrounding them. These slidings x 4 
develop resistances, incomparably greater than the viscous: resistance 
‘_ due to movements varying continuously from point to point. ~The 
movements which produce the phenomena commonly ascribed to fluid 
_ friction must be regarded as rapidly or even suddenly varying from 
one point t to another. % The internal resistances to the motion of ia 
‘fluid do not depend on on the general velocities of translation at — 
= of the fluid (or what M. Boussinesq terms the mean local 
_ velocities), but rather on the intensity at each point of the eddying 
ie. _ The problems of hydraulics are therefore much | more com- 
plicated than problems in which a regular motion of tl ‘fluid is 
“sumed, hindered eed the viscosity of the fluid.” — 


: Indeed, 1 many Ly of these phenomena are not dependent on viscosity 


at all, for movements of a an analogous nature are found even in air, 


such as eddies, whirls, and the “drawing-on a one stratum 


layer er by the: friction or attraction of the one e adjacent. 


Dupuit’s Objection. has been denied that the formula gives the 
. quantity ty sought, for the reason that | the ° of the e formula does not 


represent the mean vi velocity, but the actual velocity « of that particular a 
part of the ‘stream m that rubs a against st the bank. It is to the square anil 


this velocity that resistance is propor it is this quantity 


The force of this objection seems to be; somew hat diminished | by the 


fact wor in n the experiments on which i s based the know ledge of the “aa 


d friction, the velocity measure 
t the surfaces of contact between the solid and ‘the ‘Tiquid a 


ig of thege experiments were made by moving solid sur- 
faces through liquids, and the velocity v which was proportional to the q ie 


was the velocity of the surface relatively to the banks, not 


relativ ely to the . velocity ¢ of the en envelope. of water immediately adjacent 


to the solid, which participates in the movement of the selid. It may . 
a be fairly asserted that a part of the resistance cxpereness by the mov-- 


ing surface consists in imparting this motion to nk cela 


water against the cohesion of the adjacent particles; and that conse- 


= wf > 
— 
— 
ae 
— 
a 
— 
im 
| 
a 
— 
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“quently the friction between the solid surface ud th 
4 mediate proximity to it is not the friction sought, nor is the relative } 


velocity « of of the two the v velocity ‘sought. like n manner, when the 


liquid i is in motion and the solid | stationary, the same reasoning may 

- apply; that i is, the bank of the river has already done a part of ne Ww vork 
th 
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in in retarding the velocity of 


he fillets immediately a adjacent to it, and of i‘ ‘ 


those eremote to ‘which ate ‘influence of the fillets 


of the layer immediately next, to 
fs considered. fl Now this is nothing, « or next to > nothing. capa 


Velocity of the Formula not the Mean Velocity. —There is undoubt- 


“edly, however, * flaw in the reasoning by which ~ velocity of 
the formula is made to appear to be = A mas 
& the mean ve ‘ity of the wh whole : se an + 
tion. The velocity the r resis 
ance which it is proportiona 
vary at every point of the 
pe 


" meter, At Fig. 11, the velocity i is 
@ ft.; at B it is 5 5 ft. it the perimeter be div ided into n nearly equal 7 


_ Spaces, , then (supposing the proportion constant) t the resistance ineach — 


part of the perimeter will be equal t to Al— ema the total resistance 


ill be equal to Alp where A 


pias 


4 constant of proportion, the length of the stretch « of r river considered, 
P the wetted perimeter. Now the “mean velocity is equal to 
Bo, + + De, + .. Noy 
where B, C, D, etec., represent the 
+ 
areas. In the ordinary way of the the 
t otal resistance is —" equal t to » Apl 


- & to the expr ession first given above. In the one, 0 


the average of the squares of all the partial local 


point of the per imeter; in in the other it represents the s square of the s sum 
- f the products of each individual velocity by its partial ‘area, divided 7 
nthe total Lares, This error is s not always of great con- 


sections may 


— a 
— 
— 
@ 
— 

— 
— 
— 
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PI. 
very instance (Helena, in 1884-80), 


and only a few distant, to 1 31; all ‘this. at sta 
- a discharge of about 700 0 000. 


varies with the stage and with Will 


supposition aff afford a relief from this diffic ulty ? 
Ratio Between Mean an Bottom Velocities. relation betw een the 


_ mean and the bottom velocities at ‘differe ent stages is not well cunder-- 


‘The ratio n the maximt um, mean and minimum velocities 


of depth. It was inferred by his experiment, that the 
ratio of velocity at the surface to tha that : at. the bottom | 


, ing as the velocity i is less, and that this ratio is ‘entirely independent 


of the depth. He also observed that the mean velocity was a mean | 
proportional between the surface and bottom velocities. This question 


has been made the subject of elaborate investigation by Dupuit* 


Ww ho deduces the followi ing formula: s 


"PA mean vy loe 
Bottom velocity 
the ratio between | the mean and bottom velocities be nearly 
stant at all stages, it makes little « difference which signification be 


attached to t the symbol v. v. ‘The on only differs ence e betw een thet us se of the | 


mean and the bottom velocity i is that the coefficients w ill ma less i in the , 
latter case, ‘but they will differ among themselves by the same vedi 


“ff Obser reations of 1: 1882. —There are ni not many data from w hich to form 
a opinion with 1 reference to ‘the velntion: between the mean 
nd the bottom velocity at different depths. observations of 1882 


a mass of information, some of which can be ‘made to bear 


upon this point, or rather as to the relation between maximum and 


bottom velocity. atin combining the different verticals, there will be 


) 


am in 
4 t 1s well Known that there is great aumcuity in applying the 
Chézy formula or any formula to streams of different depths or even 
to the same stream at the same station at different stages of water. 
4 
il 
a | 
| 
iim 
— 
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t ae ths ak 60 ft... . 
depths above 6 ns, 0. 
between 501 and 60 ft 
30 and 40 


and 61 
~ and 20 — 
and 15 « ‘6 62 
“ below 10 ft. 


At above 6 observations, 0. 65 
‘ between 50 and 60 ft ft.... A 33 


@ below 50 ft... 
~ HELENA. 
“At depths above 60 19 observ vations, 0. 58 
“between 50 and 60 ft.... 23 


30and 40 « 


Ar Rep River Lanprve. 
At depths 5 a and 60 


40 and 50 


20 and 30 
20 ft. 


At Carrollton, in 1883, ‘the mean. of 33 88 water ter verticals 


ratio 0 of bottom t to maximum velocity of 0. mean 21 low. 


the bottom 


= 
— 
| 
— 
——= 
— 
— 
— 
‘These results are not at all accordant, and there is not much profit 
ww tho especially as there is no direct method of 
= or the maximum velocity with the mean. 
SEE. Tound the ratio of mean to bottom velocity at 
high stages to be 0.58, and at low stages 0.53. However, Carrolltonis 


Sin 
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subject to v ery peculiar low For the whole series 


f observations, the ratio between maximum and bottom velocities is 
about 0. 66, which corresponds, very closely with that found by 


‘Bazin. Dupuit’s s formula gives, for depths ‘of 60 ft., a ratio of me 
~ to bottom ttom velocity « of 0.69; for a a depth o of 20 ft., 0.87. ae mn 
his result M. ‘Dupuit admits with great is not in 


ance with ex experience, and he attributes the discrepancy 1 to ‘the maaan 


of the particles above referred to. 
ANUA FEBRUARY (MARCH 


MEAN DEPTH 


WILSON'S POINT 
PROVIDENCE 


WILSON’S far 


WILSON’S POINT 
VICKSBURG 


«dit cannot be affir med, then that the substitution of the bottom |! for _ 


each season n are a accc 
velocity which are not only formula, are 


apparently in direct opposition to 


“ 
| 
7. 
facts. 
— 
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In : any formula of velocity which has ever been sicacaiil if the 
“slope remain constant (other cir circumstances being unchanged) and the 


mean depth be increased, the ve velocity w ill increase. the observa- 


tions of every year, at eve ery point, , show instances: where increase of 


depth is accompanied 1 by loss of velocity, ne not only where other circum- 
stances seemed to be unchanged, but where. they apparently conspired 


to aid d the i incr ased depth i in bringing about an augmentation of the 


city. Ar remarkable — - this = kind is giv en in Fig. 1 12, Ww hich 


The of permanent motion demands as its first uni- 


formity of discharge. — I Indeed, it is s impossible that streams could con-— 
tinue to flow, a as experience prov wes they do flow, on any “other 


‘Supposition. Th discharge ze that pa passes A must be, on the w whole, the 


same that passes B, excluding, of course, disturbances from Tises oF 
vy falls. If it were e other wise, if at a there passed even 10 000 eu. ft. per” 
second more than at B for 24 hours: continuously, there would be an 


soommamiation betw een A and B of 864 000 000 cu. ft. ; and if these sta- 7 


tions be 40 miles : apart there would be a rise throughout the reach wa r 


1 ft. Experience s shows that the movement of the discharge ena 


“place Ww remarkable uniformity At stations w hich oe contiguous, 


which are even hundreds of miles. apart, ‘prov ided no “tributary or 


outlet inter vene, the gauges move from day to o day with almost paral- 


subject only the gradual oscillations of slope e which 


Incompatibility of Conditions. —But if the | discharge | be uniform sie 


- the cross- section vary, the velocity must vary also, but in an inv erse — 


sense. The gre eater th e area, the le less the veloc city. In the instances 


a 


7 cited the i enemas of area was all i = the direction of ‘depth, the width — 


remaining g constant. Therefore, the condition of permanency yof dis- 


a charge s seems to be diametrically opposed to t the fundamental postulate ay 


demanded | by the formula, the i increase of velocity with mean depth. — 


Variations o Local Slope.— hile the does not 


that local slope is constantly working and is of _ power. 


— (404 

il: 
| 

phenomena are perfectly explicable, and, indeed, are perfectly 

q bi 
@ 

— 
a 
— > 
— — 
— 


= not be maintained when the velocity is considerably lessened. -‘Infor- 
mation on “this point: is very y scanty, and, indeed, the difficulty of 


defining ¥ what constitutes local slope and of ascertaining it aft it after it rithas — 7 ; 


been defined, and of: se yarating it from eddy action, ete. i is ver very reat; : 
g it. 


nor is it apparent that for the present purpose the benefit derived 


= from such observations would be commensurate with the trouble in-— 
ed i in making them. truth, at any given the influences 


of velocity y - of approach : and of local slope are inextricably intermingled; 
ae it is probable that the relative importance of the two elements is c 


- frequently interchanged at the same station. 
LOUISIANA BEND, APRIL 9, 1850. 


iE 


ICAL 


Mean “Depth at any Particular Station always” Controlling. —The 
dictum that mean depth has = immediate controlling influence on ve-_ 


“locity i is frequently contradicted by the experience derived from meas- 7 
ureménts of 1 elative velocit ity in various parts of the cross- ross-section. It 
is true that the comtendiotion is more apparent than real, and that the 
v ariations of depth i in such cases are often or always ‘compensated by — 


of f local slope. if the le assumption that mean 


r tend for different parts ‘of he: same 


— 


ay But it is found t hat the swiftest ¢ current is not always in the deepest = 
water, even in the same section. This” fact is clearly shown in the 


— 
— 
a 
= 
— 
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me ta] | 
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plots of velocity observation ; 


an atanen may be cited, from sources s accessible to examination, in 
the observations taken in Louisiana Bend in 1889, 1890 and 1891,* i 
at t Shipland, in on ‘21st and 22d, 


the deepest water, oven in is sometimes 


“tively shallow depths. 


ie In the former case, an explanation of this phenor 


menon 1 


“afforded by the knowledge that the local elope: is widely 

different parts of the cross-section. The « observations were taken at 
the ex ity of a “ * point,” ° in the bight of a a deep be bend, and most of 


were taken at high stages The slope next the bank i the 


the place more than for the shallowne ness of the 
water. The reach at Shipland is broad and of “slight curvature. 
cannot be doubted, however, that, owing to local causes, the tl threads of 


- the current that possessed the highest velocity had also ave very steep | 


local slope. _ The same phenomena a are pr resented in the Helena obset 


vation 0 of March 20th, 1885 (see page 410). i casinnaniaees 


Complexity of Conditions. —It will be sae that the complexity 1 


of local conditions may be such that it is almost in 


- their intricac y or to deduce from them any aan or average con- 
ition. What, for instance, is “the local slope at Shipland or in 


- Louisiana Bend e On the one bank it may be 0. 0.5 .5 or 0.6, or even 4, &.. 


to the mile ; on on the other it may be 0.05 ft. 7 ; a 
. The slope of the formula is the inclination of the stream at the 
point considered. This can hardly be ‘regarded as 


4% quantity. Many attempts have been "made to asc ertain it by 


"4 measurement, but without success. - ‘The fall per mile is so small that 
_ a trifling er error in the levels will make a great error in the slope. 


- 


Iti is very difficult to ascertain w hat i is the exact w ater | level, atte -cted a 


as it is by ebbs a and flows, p pulsations, ete., and it is -well- nigh im- 
possible to eliminate or to. estimate the effects of eddies, 


- eurrents and threads of current. — The local ‘slope is not a simple 


* Report of Mississippi River Co ission for Appendix 5 5, Plate 


+ The same, » Appendix 5, Plate 11, 
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matter a at all. It has been shown : already that there is as to sup- " 


pose that that each part of 1 the cross-section has a slope o of ‘its. own, and 


- further ev idence will be. ‘adduced in support of the same opinion. - 


bitin 


= 


Velocity of Approach.—The ‘doctrine of an established 

so o generally a accepted, has led to an almost total neglect of the con-_ 

sideration of ‘the possible i influence of of ‘the velocity of approach. After 


a ‘state of equilibrium has superv ened, ‘this element is not to be con- mn- 


+ sidered at cousin if there be no such equilibrium, dv 


ered the normal or nual condition of the river, , velocity of sentiment “¢ 


‘often plays an important part in the ‘adjustment of local ‘conditions. 


The state of of quasi- -equilibrium consists, as | has” been Stated, ina series 
_ of oscillations, of accelerations and cheeks. _ Theg general slope in pein flood 


time is too great for ‘equilibrium ; . it is so great that, if equilibrium — 
were established, th the velocity necessary t to bring it about would be 


fatal to the stability of the and bed. ore, whenever the 


river has a straight course for a few miles, its velocity is sensibly 


accelerated, until a corrective is applied by the deepening of the _ 


channel and the formation of a shoal or island below, by bends or by — - an 


a often happens that long pools occur, both | at high and at low . _ 
Water, in whieh there i is a than the average 


: slope. At high water, the n mere appearance of a long pool v with little aa 


_ slope may be deceptive; for s at te a time the current is often a 


not next the bank in the bend, but across 88 points or or bars, ‘80 that pO 


the bend _ approximates to the | condition of a pool ; but at low water ae 


oS current hugs the bank closely. Now i it is possible for a consider- 


able 1 velocity to be established ata low slope, but it. is not possible 


that at it should be acquired with no slope at all, or with a reverse slope. 


, however, possible that it may y be ‘maintained, once acquired, at 


such a slope under | favorable circumstances for a limited distance. 


a Slopes.—In the series of observations made at Carrollton in 


— 
— “a 
= us — 
| 
— 
at high water. Captain Leach does not consider it probable 
that this phenomenon could have been due to eddies, 
— "Report of Mississippi River Commission for 1882,” pp. 98-115. q 
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remark 
vigorous at that stage sand decreasing i in activity w the of 


eer ne observations he draws the followi ing important ¢ con 
‘* But if it is admitted that the water was _— down anem,— 


while at the same time its surface inclination wa 
also be conceded that the momentum of the mov ing w enter Ts as ig 
factor in determining the conditions of its flow, and hence no exact re-— 
lation necessarily or even probably exists, in natural channels, betw Gar 
_ the velocity of the water at a particular time and place and the local — — 
_ slope of its surface at the same time and place. This principle may 
be applied to the sectional areas as well. By the term local slope is 
meant the fall of the water surface which would result froma measure- 
_ment made over a very short, or relatively infinitesimal, length. ‘a Such 
is, in the nature of things, impos 


reverse pi over infinitesimal at numerous 


local slopes be re jected, it follows that an average fall over an 
~ assumed distance, greater or less, must be taken, as representing the 
slope hich determines the dischazge.” ig 


= “The evidence of the existence of actual reverse slop 
not b considere red indubitable. ‘The: surface of the riv rer, as 


known, is a is w rarped § ond the Cross non fom one side 


betw een aise station and the nearest ¢ gauge above and 
below. The slopes so ascertained have differed materially from one 
_ her as they w ere t taken above or below the ‘station, -Thus the slope 
- Bolivar-Arkansas City, in 1892, was | 0.000044 Ww when the s slope Arkans 


C Cit y+ Greenvi ille Ww was 0. 0. 00006: The coefficient deduce ed from the one 


w when that deduced from other was 91. N ‘evertheless, t 


ap pretty r regular relation between the two : sy ystems of coefficients. At 


wi ilson’ 8 Point, in 1890, it was possible to get an approximation | toa 
slope by comparing the gauge at at Lake Providence, about 10.5 


The results | ‘differ: somewhat from both that deduce: ed 


from ened: above, or Vic ksburg, below, which are more accordant 

among themselv es. _ They show the maintenance, with ne 


we 


a 
— 
turns on the existence of reverse slopes, which being 
— 
P 
« 
— sjswell §§§.f 
4 
a ty & 
— __ General and Local Slope.—In determining the coefficients, in the dis- 
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persistency of a local al slope decidedly greater than the general 


either | above or below. After the occurrence ot a crevasse 


Ibis is not possible t that a should ve 1 


by momentum: upon a slope which could not originate such a velostte: 7 

The resistance, &, whether the stream be in equilibri ium or not, is pro- 

portional to plv’; in other w ords it it: is wed same for a given rubbing 

surface and a give en ‘velocity, irrespective | ‘slope. The resistance 

will therefore be as great for a small slope as for a gr eat one, provided - 

the velocity the same. The accele ration, other things being 

eq jual, is dependent o n the ore, under ‘the supposed 


would be a an acceleration Ww is lens ‘thee the 


Sessile sis. I If the slope be too ‘small to origi 


nate ‘such a 0 Soha as may be prevailing at any place, the resistance 
Ww vill gradually overcome it and lessen it. 
ae The fact that a greater ¢ coefficient is required in the lower reaches - 


Of the ae adh where the slope i is Hotter, may be explained by admitting 


j 


nd that the : slope i in this part of the valley is itself sufficient to confer and 7 


maintain the requisite velocity, under the favorable circumstances ex 


_ isting g there, and that the coefficient of ™ or more required there is 
7 the normal coefficient for that form of section and trace of bed. In 1 the 
a upper reaches, where the conditions are very unfavorable, the velocity 
is reduced b; by “at ‘ks, bends and other circumstances w hie h not 


enter the and the coefficient is less. 


The distribution of the local in transy erse sense is 


Table e No. Ill th yr areas, s, the observed velocity 


‘the coefiicients, by the application of t the formula 
yrs rs to each partial « area. For, this pur ‘pose ‘the | slope will be 


assumed the same for all, being that actually ‘prev ailing on that day, 


as estimated from the nencest gauge station, Mhoon’s Landing, 29 
miles woe me instead, the slope i is taken from Helena to St. Louis = 


umption that the slope is the e in all parts of 


> 


— 

j iii 
— 
4 Be coefficients will be greater, but they will bear the same relation among _ — 
— 
— .. 
iii 


200 ft. wide, e except at the ends, where they are 261 and 126 ft. respect- 
ively. . They are measured between half- stations, the velocities being 


_ taken at the > whole stations, given in the table. — 7 Thus, the first area — 
extends” from Station 4 to Station 14, ete. are 


correct ¢ even as will presently the table the areas are 


their 


Partial area, Partial mean 
‘Station. Feet per charge. Cubic 
: Square feet. = feet per second. depth. 


Total area, 164655 sq. ft.; velocity, 4.473 ft. per second; 736 546 cu, ft. 
second; mean depth, 34.4 ft.; coefficient, 81.64. 


excepting one or two observations, t to the middle 


of the riv er, and then | decreases, not quite so ‘regularly, to the other 
bank. It se seems to bear no relation whatever to the depth, and but 


_ Tittle to the velocity. _ ‘The coefficient at 3.5 ft. per second is the same “a , 


at 5 5 Itis e, then, that of the ec coefficient tow vard 


ic there is often a great difference of elevation of the water surface 7 


‘ll 
— _ the cross-section is more likely to be true at a medium stage, like that ¥ E : = 
g 
q 
— 
7 
— 
10090 | 4 10 50450 | 50.4 % | 

— 
=— 
| 
— 
= 
— ss ing”? just below Helena, that is, a place where the current leaves one — ‘a “4a 
— 
— 
a 
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‘sidersble fraction of a foot, or to a foot. it is 


such a condition existed at this point, the thread of the current having | 


a slope excess of the general slope of the in ‘this 


? v icinity. Such instances are common, and mention has. been of 


Resistance at the —The of | Abbot 


or hy radius a ‘‘mean radius prime,’ by dividing the 


area of of the cross the wetted the with. 


that experienced at of contact between the water ail 


“If the v mly by the fr 
bed, it is evident that i in a a straight ‘and channel the 


er 


est current w ould always be Sound in the parts ‘most fom 1 the = 


place of maximum velocity would no longer be i in ‘the middle, but it 


would still be at the surface. But it long been known that the 


greatest current is not always or generally found in this situation. i It 


at, then, that thaws 1 is a force other than the friction of f the bed 


which is at w work, and this force exercises a -sotenteg: effect upon the © 


Water at at the je surface. 
is “sometimes supposed a and asserted that Humphreys and 
7 _ Abbot as ascribed this retardation to friction against the air. . This is 


~ altogether erroneous. They did indeed consider the resistance of the : 


prem force arising from ord curr ents or transmitted occa- 


> 


sioned by irregularities oft the bottom. This lone is greater at the sur-— 


face than near it.””* * So ag again: 


“Enough has n now been learned to justify the remark that ee res 

- ance at the surface 1 in calm weather can be only partly | due to the fric- 
tion against the air; otherwise a down-stream wind, moving with equal 
velocity with the water, must reduce it to zero and raise the axis tothe © 
surface—a result contrary to the observations. It occasions wa sur- 


prise, to one familiar to the boils and whirls of the Mississippi, that — 


oe. _ *** Report on the Physics and Hydraulics of the Mississippi River,” p. 302. 


— 
— 
— 
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liane a cause a great loss of livi ing force at the surface, and conse- 


rds by Professor James ‘Thomson + 


i= - He points o1 out that portions of w rater, with a diminished velocity 
eon retardation by the sides or bottom, are thrown off in eddyi ing 
masses and mingle with the rest of the stream. These eddyi wedi 
masses modify the velocity in all parts of the stream, but have their 
greatest t influence a at the free surface. Reaching t the free surface they 
spread o out and remain there, mingling with the water at that level and 


diminishing the velocity which would otherwise be found there. i ; 
is a particular case of the iously from 


was claimed by the famous investigators wast that 


there was a force of some sort at the surface, and “that this 


‘istance, w _ whatever its cause may be, i is of the same order or nature as as 


that at the betes and sides of the channel, since the law of trans- — 


isnion | through the: fluid i is athes same in each ci case. * ‘That is is, , they held 


t the film of water next the air moved more , slowly, than the lay 


adjecent to it below, and hence exerted a retarding 1 influence on them, a 


a and through them « on the: whole mass. The error they made was in 


attributing to this resistance the s same importance as as. to the esistance 


‘ 

a of the bed, whereas it is not one- tenth of the latter. This error is 

not of ‘great consequence. If there were ‘absolutely no resistance 
the surface, and the expression in equations, for the wetted 

oe perimeter, were arbitrarily taken at double its re real value, th area, * 


remaining the sam same, it is s obvious that the only e effect on the resulting: 
for formula would be to reduce the value of ti] sais mean aaiaaie by -half 


ona hanes to increase the coefficient 
Local For is.—In the uce O 


of oll sizes and It j is very y dificult devi ise even a 
formula whic shall be suited to. large rivers, or to 
river like the Mississippi, ase - slopes, places and stages. 4 But there 


is a chance of success in the search for local formulas, adapted to. 


particular places and perhaps part Ar S 


7 7. * “Report on the Physics and Hydraulics of the Mississippi Kiver,” p. 271, note. 
¢Encyclopmdia Britannica,” Vol. XU, p.497. 


ae — on the Physics a and Hydraulics of the Mississippi Rive 


— dation Of th uriac urrent 
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the sane of friction, is in of the resistance 
ank and so far as it parely frictional, is is merely, 


obs acles 


_ overcome the nese obstacles requires work. Tt is not t unanimously « con- 


ceded that the resistance by a y obstacle to the 


motion of running w water i is the sam 
the movement of a solid body through it. The of 
_ opinion, however, is very largely on that side. - The identity or close 


_ analogy of of the two cases is is tac itly conceded when the results of 


a Colonel Beaufoy’ s or “s Mr. Froude’s oper iments are applied to the 


ase of resistance of the banks. Tt is ; conceded whenever a current 


_ meter i is rated by the usual method. a 
stance of a surface which is perpendicular ” eed nection: 


the current is approximately equal to the weight: ofa prism: of 


_ water whose base is the surface and whose altitude i is s the height due to 


to othe fc of the coeffici ient of difference vary-— 


ng, in extreme to water presses on ‘both | 
ry cases es the erence of -pressur 
‘then upper and the lower: side aks a body, ‘especially i if it have eth its 


faces inclined to the direction of the current, is so small that it. may y be 


“neglected. ee Ih any event, the resistance is dependent on the square of 


the velocity and not on any other pow — eat 
vertical and lateral disturbances in the nature of eddies — 


boils: also are work, as well as all resistances s except those of ‘pure 


» 
frietion ont viscosity, and possibly the latter also, if they be worthy 


to be taken into account. ‘ Hence it | may be inferred that the resist- 
ances of all kinds are functions vethonnds square of the velocity. ens 


Puree 


mentioned is not the mean 1 velocity, but is com- 
f velocities of all possible magnitudes: between the maximum 7 
hat t passing next the bottom. In the impossibility of finding any 


cities on on which t the ey. 


; it | is necessary to aly on the mean velocity in hypothetic 


7 ‘Some general cons ¥ — 
q 
— 
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— cases, or on partial velocities so ae as they may be ascertainable, re- 


garded as means for the areas which they represent ; trusting to cor- 


-Tection, by empirical methods, * of the errors introduced by this imper- 
fection of method. — 
“4 That the resistance of the bottom, ether things being equal, varies” 


= the exte sant of the rubbing seems undeniable. 


asserted. Whatever introduced by will 


Intricacies of Slope.—It seems to be ‘the ay ailable 


‘unravel | the intricacies: of general and local slope, and the 


re respective ive agencies of velocity of approach and of velocity « due |to fall. a 


4 Usually no nothing i is known onnont the general slope. if the exact local 


_ slope w were known for every filament: of the : face, it is not certain 


that investigation would be simpler. ‘Iti is necessary to 


1 accept the general slope for better, for worse, and ‘make the most of it. 
It will not be worth while to to attempt to to finda @ formula which shall 
4 be adapted to places and circumstances of b both » high and low ‘slope, 


for the reason that there are ‘important ‘modify ing conditions which | 
. are not cognizable | by ' formulas at all, or, at least, by any which 
have ever been proposed. — _ These conditions are the straightness or 


easy curvature of the river, sy ymmetrical shape of cross-section, per-_ 
maneney of channel, smooth and mostly non- caving banks, ete. 


They in ‘the lower part of ‘the river r below B Baton Rouge, 
t 


most important effect in modifyin ng the velocit 


is It is oan seen that in a straight and s seuneteles’. channel, the — 


_ banks and bottom of w hich are composed of unusually apt and hard 


material, , the water will acquire a velocity much 
Ww hich will pr prevail i in a region full of shar curves with friable 


Ly bed. ‘ Very y little s slope : may | be required to confer a considerable  veloc- 
ity where there are no obstructions. Now, t the average curve urvature | of 


the riv er is very | nearly the same from Baton Rouge to Carrollton : as ee: 


from Natchez to Baton Rouge. The « curves, however, are “generally 


the is of harder material, the widths and depths more 

a s not the same alternate expansion into shoals an and 

on contraction into pools ¢ as in the upper river. ‘The: river carries for the 


g 


4 most part only its normal burden of silt, and its energy is not ‘dissi- 


pated i in transpor ting ‘Qnom ‘eles. to place enormous lenis of eroded > 


4 


oe 
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im 
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ial beyond its ability to carry permanently. the 


p ortions of a otream may be the sam 


in Fig. 14 the ratio betwe een nthe: distance, A Bo or 


that th trace will aiford a fax resistance te the 
of a current than the latter. Below. New Orleans the river is 


almost strai ht, with the « exce ption 2 of the “ ‘English Turn.” — 
straight eption of the “Es 


Ag of speed. Ati is the impact against resistances that causes the loss of | 


“iH -energ By, and hence 0 of velocity ; ; and this impact is more or less effec - 


to the angle of presentation. 
ive, ‘according o the a gle of pres« 


ea the course of the riv er were straight, w ith a slope even asia as . 
0.1 ft. to the mile, the velocity Ww vould be more and more accelerated 


Tutely “destructive. ball bed 
composed of friable earth. In 


a case it would scour out 


nation of = pools a 


eventually bank erosion 


allow 


__ higher velocity without suffering any alteration, and might even 


: tolerate ‘a current so swift as to bri ing about at that small inclina- 
tion a condition of genuine equilib ium betwe een ‘the accelerating and 
forces. In other words, be is perfectly possible for an 


‘inclination of 0.1 ft. to the mile at Carrollton to pr produce and maintain an 
S$ gr eat a velocity, under the circumstances existing at that point, as ; 


a for an inclination of 0. 4 or 0.5 5 ft. at Columbus (or Helena under the 


peculiar conditions that characterize the riv er in those stretches. ‘r It 
is true that a ‘part of the difference of circumstances appears in the 


ordinary formulas, the form of depth; but only a part 
_ The re rest of the differences must appear, if any of those formulas be 
in the coefficient. As. it is exceedingly to devise 


a for | the of the 
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easiest: and most satisfactory to find a “coefficient at for 


each place and perhaps a different coeftic ient for each h stage. 
p- 


+a Reduction by the Use of Coefficients. —This method i is of constant ele 


tion in the passa application of me echanies or even ¢ 


a analysis, a simpler case is is assumed, ‘the a rhich i is 


reach, and the results” of the 1 rational formula deduced from the 


° q chy pothetical case are compared ed with the phenomena s shown by experi- 
“ ment. The two may bear a relation which shall be close enough to be 
a - expressed by : a  coeffic ient which is either constant, or or variable a ace ecord- 
i. v ing toa known law. If @ ser ies of parabolic areas are to be computed 


and the method of calculating pa parabolic segments is not: known, in 
- default of better methods th they ma may be assumed to be rec tangles. 


the contents of one of the given areas is measured, by diy iding : it into 


"partial s areas or  otherv wise, the relation between it and the correspond- 


i assumed area is found to be be two- thirds, and ¢ this s expres ssion, applied 


* a coefficient to eac sh of the a ass sumed areas, will reduce it t it to the cor- ie 


Most often the result is not so satisfactory, and 


ney. 


Causes oF DiscREPANCIES IN ACTUAL ELOCITIES. 


‘wae due to these fo four ca causes: (1) im inaceurac yo watt data; Qi inap- 
plicability | of formulas; (8) changes of s slope; (4) changes of cr 
_ Section; the last st class being panty ae with the preceding 
«third class. 


The first and second causes have been sufficiently 


of are of several There are: ) changes due 


itis it is generally expected ted to’present almost all exhibit considerable’ 


persistency indicating the of lew. a During progress: of a 
4a rise it was observed that the curve uniformly shows a departure to the | 4 


“right, indicating a decided increase, an as decided a shifting to the 


it 
‘si 
q 
— 
— 
| — 
alteration of section by scour and fill during the season; (4) changes 4 | 
— 
d 
— 
— 
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lett or lower side during a fall. By comparing the pourve of discharges — 


with ‘the curve of velocities (one Plate V I), it w will be found that the 


—_ ipal fest ures of the former are faithfully reproduce ed i in the latt 


hile 


times in an ‘inv erse 


to change of ange; the rest to change 0 of area. 


[FEBRUARY 


nee 


JAN, 22 


SLOPE Td GAU 


from the main riv: an 
the surface at that station, the infloeone of which; at first, is confined 
toa limited distance. In other w ords, the rise at Ais sat first absolutely 
imperceptible | at ut B. If the the > freshet be sudden and the ‘stations 100 )miles 
or so apart, there may beat ise of 


Ww hile the lower i is s unaffected. 


— 
— 
na 
PT. 
SLOPE 0.500| | | | 01550 | 


_ The movement o f the nalone in rises ay falls is shown in Fig. 15. : 
taker taken from the gauge rec e points selected fo for 
parison are Ww hhite River and Arkansas City, ae miles apart. 
5 The first | plot s shows the movement of the: slope from day to day, or 


_ what Colonel Suter calls a seq uence | of slope. The The second shows the : 


mov ement Ww ith reference to the gauge. 


From both plottings it will be seen that in this there is no 
relation between the height of the r river and the slope. | The 
actual value of the slope, evidently depends on the suddenness and 


magnitude of the freshet. ‘This particular slope is much more liable 


_ ted disturbance than most others, as W White River Landing is just belo below ae 
the mouth of two large tributaries, w with th drainage basins 


recipients ofa large. rainfall, often ver ery fitful. 
eg «Effect of the Great Basins on Slope. - —At high water, the fluctuations — 


7 ‘of slope are often very great t from the distur bing influence of the © great 


"basins i in subtracting water from the river at their upper ‘ends and 
2 “turning it at their lower ends. — In former years this influence was much | 


«gre ater than it is at present. Ww Vhen the upper parts of the Yazoo and — 


Tensas Basins and all of the Saint Francis ‘and hite River Basins 


a were open, as s they were in 1882, 1883 and 1884, as much as 300 000 or 


400 000 cu. per se second were suddenly added to the dischar ge at 
Helena, V icksburg ar and Red River Landing, raising the river with great 


rapidity a at those points, greatly flattening the slope above them and > 


“taraed at Vi ic ksburg, the river, which was then falling, naan to sien 


(0.5 ft. per the trom Hays 8 to 
which had been 0.27 f 


prev iously at 96. 4 ft., or than ar at % 


Peculiarity of the White River Basin. —W ith the complete closure of 


the Y and Basins, the approac hing closure of the other 

: t two, these } perturbations w will be: reduced to such asare produced | by the 


~~, 
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stations, will then experience a sudden and great augmentation, which J 
— may progress at a still more rapid rate, may continue at the same rate, 
may fall off. Sooner or later, all these alternations will take place a a 
— 
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from great crevasses, , should such unfortunately oceur. The 
of White River Basin is in this respect, that at 


s, incre reased occasio mally by the d dis: aa bad 
| 


ON | DISCHARGE OF ‘THE 


of the White and but the basin, flows 

q through it it parallel to to the main river, and is discharged along the Cy- 
Creek eek levee, a few miles above Arkansas City, | thus introducing 


Aj "kansas City- Greenville. —Between City and Green- 
ville there is no disturbing unless, perhaps, at high water a 


might « oceur. The g gauges s are miles apart. A plotting i 


* given in Fig. 16 of the curve of slopes between these stations, with the 


- gauge height at Ar kansas City as the argument, for the season 1 of 1884- 
85. Here there is seen an increase of slope with height of rive 


‘slope i is much more regular than the slope White River-d Arkansas on City. 

ovement t of Gauges.—The increase of slope with ; gauge height, show 
4 ever, is not a feature which } s everywhere. . Indeed it cannot be, 


for or such a a rel ation Ww ould involve a progre ive decrease ot oscillation 


of the alluvial valley downward, w hich is not true. 


is some 7 ft. at and 8 ft. less than s at icksburg. 7 
4 " 8 gauges at Arkansas City and Vicksburg move very nearly parallel, s 
that if the slope. Arkansas Lake Prov idence increases w rith a a 


> 


te t i is the case. ‘4 The following li little table shows the extremes, aperones 


om the high water of 1893, the highest recorded at Achaniee City, 
and the low water rof 1894, the lowes' est ever known throughout this reach. « : 
As there were sev eral crevasses in 1688, a cor rection has been n applied i = 


'icksburg gauges, 


disturbing influences had not occurred. ! F or comparison, | the high- 


deduce from them the) level as it would have been if those 
= 
water slope of 1888 is also | given. aa In that year there were no crevasses. — 


Arkansas City-Greenville 178 > 
Greenville-Lake Providence.. 0.332 
Lake Providence-Vicksburg 437 

Arkansas City-V - 
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In other parts river is found that “the same discrepancy 
s, the stations between Cair showing a much less_ 


oscillation between high and low: w rater than prev ails at those points. 
At Memphis it is 16.2 ft. Jess than a at Cairo, and 13.3 ft. less than at 7 _ 


mouths of tributaries at intermediate stations. ‘This is due 
the greater discharge at former during g great floods. 


- instance, at Cairo, the greatest 


_ in 1882, as reported, was about 1 ween 000; at F alton, | about 1 250 000; 


at Mamngiin, about 1 250 000; at Helena, about 1500 000; at Arkansas 


- City, about 1 1 300 0 000; at Greenville, a about 120 200 0 000; at ‘Lake Provi- _ 
dence, about 1 000 000; at V icksburg again, about 1 500 000. ‘ These 


- : differences proceeded from loss of volume over banks ‘unprotected by 


. le vees and through crevasses in the latter, and | from the return of ‘the 


water thus lost at the foot of the several ‘basins, Had as great a dis- 
- charge passed Memphis as ; passed Cairo, the water level at the former 


‘Station might have been 4 or 5 ft. higher. yt This, however, 


* counts for a part of the discrepancy. > In 1885, w shen there was sa over- 
flow, the oscillation v was, at Cairo, 30.7; “at Fulton, : 23.7; at Memphis, 
25. 1; at Helena, 32.7; at Arkansas City, 34.9; at Greenville, 29.7; 
lake Providence, 29. at V ieksburg, 37. The greater oscillation 
; Helena, Arkansas City an and Vicks sburg than at Cairo is partly e explained 
by the greater volume of water which passed at those the 


accession of tributaries, growing continually larger as ] progr ess is made 7 


down stream, and s ‘sometimes reduced ced to almost ‘nothing \ when ‘the 


tributaries were very low; buf the difference between Arkansas City 


and Greenville Providence, or ‘the: difference Cairo 


and Fulton, cannot 1s explained. ad. As has shown in the 


“Report of the Mi lississippi River Commission for 1884, Et the ‘differ- - 
ence seems here to be in the low-w ater mark; itis in ‘the extreme fall 


and not in the extreme rise. 


The proximate cause of the less oscillation of the 1 riv er at interme- — 7 


diate stations is the profile of the 1 river r-bed, which is convex between — 


7 _* “ Report of the Mississippi River Commission for 1884,"’ p. 2550. 


— | 
iim 
— 
i 
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the mouths of tributaries. Now the low-water slope conforms to the _ 
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4 The yieemaee, then, is is flattened in the mane between the mouths ¢ 


onsequence a a decrease of velocities at these points sand an increase il 5 
— cross-section at low water. 4 The data for the comparison are scanty, . 
for not many low- weber discharges have been taken. At Helena, 
1891, the extreme range | e of recorded velocities ¥ was” from 6. 47 to 2.24 
Fulton no extreme high- ‘water discharge w as taken. ~The hi 4 
q ‘recorded velocity was 7. 01; the low- water velocity w as as small as 1. om 
At Memphis, the velocity va varied from 8.65 to 1.40; at W ilson’s ‘Point, 


5.83 to 1 at Red River Landing, from 5 to 2.63. 


Carrollton, which is a suburb of New Orleans, | situated at its ct 


limit. » Here the extreme oscillation is only about 17.4 ft. The — 


high-v water velocity is usually something 1 more than 6 ft. Very tow 
low-water observations have ‘been taken at Carrollton; but in 1891, 
the lowest velocity mat have very little exceeded 1 ft. per second. 


‘The water area generally | varies ‘from about 190 000 at high water to 


140 000 at low. In 188: 1884-85, , its extreme limits were 185 072 and 148 437; 


the velocit varyin 6. 16 to 1.61. Helena, durin the same 
yying g 


- saiaind the areas ranged from 206 060 to 53 448, and the velocities from 


Pe: 49 96 to 2.82. 82. Thus th the discharge i is passed at at the lower station with a 


much less difference of cross- section between high and low water, 
" consequently with a much less oscillation in 1 height. In the above in- 
v4 stance { the range of the gauge a at Helena was from 4 40. 62 to7 a = 33.45 5 a 


a 


ft. ; at 4 Carrollton, from 13.54 0.34 = 13.20 ft. The comparison is 
i 1 more : e striking if the case of Red River Landing i is taken, onl F 
miles shove and with exactly ‘same discharge. In 


1884-85, the areas at Red River ‘Landing ranged from 236 688 to 
the velocities from 5. 5.08 to 2. 2.25. The oscillation was 


7 


‘(ile has been shown that the slope from “Arkansas: City to Green- 
a "ville varies from 0.178 at low v water to 0.340 at high. a On the other a 


hand, the slope f from White Riv er to Arkansas City at low water is 


378; at high water 0.269 ft. to the mile. ‘Thus, at Greenville the 


i are favorable to a comparatively low velocity at low water — ' 
a at high Ww w hile at Ar kansas City ‘the tendency 


— 
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is of Sedimentar. ‘Streams: Self-Regulating y.—The ‘phenomenon 


vexity of the river- -bed between tributaries is so — 


of the variation of dise alluded. above. e. 


regarded as a well established fact that the bed of a ootiianabads ine 
regulates itself according to the quantity of water it has to carry. . 


at the mouths of tributaries the discharge is much greater than 
at the intermediate points. a The great volume here poured in hes 


scoured out a suitable channel for itself, which has been gradually 


——— down stream by the: continual loss of w vater in f floods over 


aU WwW eur yer 


the banks. ‘In the case of the Mississippi, the discharge of of the tribu- . 


__utaries has been greatly augmented, sometimes doubled, , trebled or 
quadrupled, by tlie return flow from | the great basins. Usually, 


drains | the basin is ‘the he principal channel 


which the overflow water returt ns to the ms main stream, as in the cases of 


the Saint Francis and the Yazoo Rivers . The White and “Arkansas” 
Rivers, as has been noted, form | an exception to this rule. — 


Causes of Contraction of Bed by Loss of Volume. i is necessary 


to discuss in detail i in this place the process by which the bed is ‘eon- : oat 
tracted by the of volume of water. In brief, the contraction is 


due to the eslackening of velocity brought about by the disproportion-_ 


ate reduction of area in comparison with wetted perimeter, or in short _ 
by a diminution of nao depth. In the equation r = —, a is reduced oe 


“more than Pp. A decrease of ied height of 8 ft. means a reduction of be 


dl 


: _ wetted ed perimeter of on only 16 16 ft... or 0. 004, but imcinnseasage 000 0 sq. ft ft., or 


6. 133 3 of the whole. No doubt also ‘some ¢ pe Consequence is to be attached — 


.~ the deflection of the thread of the current by reason of the lateral 
; draught, though the degree of importance to be attached to this i in- ee 
fluence i is still a matter of controver sy. 
‘oscillations of slope due to: stage must not be confounded 
J with those caused by rise and fall. The latter are temporary dis- a 


rte 


ef turbances of the ordinary relations, and may occur at any time. a 

4 | regular in their movements 8, yet et, when dissociated from the perturba- 5 4 


_ tions of rises ond falls, they exhibit a general law of direct or inverse 


. This can be exam- 


fo are of a a a perman nent ‘nature, while not perfectly 


— 
it assumes the proportions of law, and it demands an explana- 
— 
a 
4 3 
Progression relatively to the stage 
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e tables of discharges which have been selected 


” The table ¢ giv en on on page age 420 n may be extended as follows, from the 


observations of 1891. . This year was selected because it was mot bad 


Low- -Water 1891, High-Water Slope, 189 1891. 


New Madrid Cottonwood Point 
Cottonwood Point-Fulton. .... 
Fulton-Memphis 
Memphis-Mhoon’s Landing..... 
Mhoon’s Landing-Helena...... 
Hele:.a-Sunflower Landing 
Sunflower-Mouth of White River.. 

White Rive River-Arkansas City.. 


_ As een stated, these movements are not at all r regular. Some- 
| ow water, the slope White River-Arkansas City will be less 


than at hi gh, as in 1884-85 and in 1889. At all times ecninaiie - 
perturbations are likely to occur 


in the transitions from stage to 


; stage, from changes of cross-sec- 


side these temporary or iodic 
changes o of slope there a are othe: 
that t may be ca called secular, 


ing a considerable time for their 


dev and ofa 


Mississippi have been conducted 


for too 00 short a time to affor d grounds for any accurate conclusions as 


r egimen of the river. Ibi is probable, however, that the slope relations 


i he effect of long-continued causes, enduring for a series of | years, on. 


betwee een different | points have e been materi ally modified since the be- 
= ginning of the observations. A sketch is given in Fig. 17, showi 


slope Arkansas City-Greenv ille, to gauge, for the yea 


—— 
— 8 a 
a = — 
— rof very great flood nor therefore of great disturbance o —_  & | : 
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1884-85, 1891, 1892 1893, on the assumption that the distance 


"between the two points remained constant. In order to) eliminate the 


~ 
4 effect of rises and falls, the slopes have been | taken 1 only a at times when 


és the riv river was stationary , or at the ¢ ulmination of a a rise or the lowest — 


Pp point nt of a fall. : It is to be observed that i in many instances the change . 


was sO rapid that it is by no means certain that the exact slope at such 
m times: was ascertained. 7 The observations are taken but once a day 


and generally to the nearest tenth of a foot, and on successive days the 


slopes are sometimes : found to vary by 0. 01 ft. to the mile, or 0.000002 


Changes ‘Slope between . Arkansas City ont: would 


had 1 increased materially i in “eight years, and by a progression 
applying as well to the low as the high stages. _ This phenomenon 


- may indicate an en argement « CTOSS-SEC tion at Greenville. It It 


must be remembered, however, th that the length the. river is 


City and Greenville has increased | by about 2 
this be true, the slope, in this instance, , has really su suffered little anion 


q 
sss Changes of Area. —The cheng which the area undergoes are at 
- least of three kinds. . One i is the daily y alteration caused by t the passage ; 
a of sand waves, the caving of banks, and generally by incidents which = 7 


be considered of temporary and fortuitous nature. Another is 


the: grand a annual periodic change due to the transition n from h high to | 


in water or the rev erse, whereby material is transferred from bar to J 


i Pool or from pool. to rhen, the general o or mean bed of the river suffering 


cha 


Rapid Fluctuations of Avea.—The daily fluctuations the area are 
sometimes extremely violent. At Arkansas City, in 1885, a scour of 11 000 
4 ft. in tre days and of 14 - ft. in three days i is recorded, followed by 


a fill in the next two of 8 Changes of 5 000 o or 6 ft. in 


result, there is a feeling of these 


‘The however, who are educated 


— 
: 

— 

a 

, 

— 
— 
— 


8, believe e firmly i in their reality. 


= 8 Point, Mr. Miller reports, Grom Stations No. 4 to 6, where very 


large boils « existed, fill of 16 ft. in 24 hours. 


It has already been remarked that these changes of area are gener-— 


ally accompanied by a change of velocity, ont that this is a st oll J 


confirmation of their , genuineness ‘There is no reason whatever why 


an error in n sounding should ‘have any effect on the indications of 

q current therefore, a wae in the 


he result would be perceptible in the sha ape of an 

, increased or diminished discharge. | If there be no such result, bat 
RE 

the change of area is offset by a change of velocity i in the satel di- 


peo the — is in fay or of the oan of the p 


the bottom, or rolled in the form of sand waves, as they are ‘generally | 
ca ed, and to measure the height, shape and direction of the waves, 
- their rate of travel, etc., at Plum Point, Lake Providence and Carroll- 


= often as a high as as om ft., their slopes ean on the upper or side, and steep o1 on 
ow sections, average was about 1 
ft, the distance between crests about 450 ft., i the e rate of travel abou 


ies 22 ft. a day. ot In the deep sections, the height of the waves at high 


water was about 7 7 ft.; length, , 330 ft. ; 
stages the waves are not usually so high, the distances are shorter and — 


travel, 40 ft. a day. At lower 


the rate travel slower; but the “movements are still of 


‘ magnitude. Even in very ‘shallow water there were found numberless * 


= small send waves 1 ft. or on and less 100 apart. 4 


sect of 3.000 or 4 000 sq. ft. 


Changes ¢ Of Due to Alternations of Stage. —By far the most impor- 
tant changes of area, however, are those which take | place during the | 


transitions from high to to 1 low s stages and the r Se; and it is in these | 


of the rive er find their 
_ Of the many varieties of cross-section found Mi 


*» well as 5 in other rivers, there are two: extreme so t 


the broad, pertaining ‘respectively to the and the shoals. 
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at ss ments are sometimes of great magnitude, the crests of the waves being |. ee oe 
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4 


4 


rthe bars. grr Figs. y 
“18 and 19 two such sections. At ‘amedium stage | the two will 


‘ have about an equal content, say, , 180 000 | 8q. ft. Now let the depth | 


be diminished by 10 ft. » The width of the broad section is twice as 7 
‘It will therefore lose, perhaps, | 65 000 


i. of area, a, while the narrow section loses only 32 500 sq. ft. ... illa given 


oe of the narrow. 


decrease of of discharge produce a fall of equal amount at the two sec- 


tions, widely diverse i in form as they are? shows that at 

two stations, only a a few 1 miles ‘apart, the of rise or. fall 


uniform, irrespective of the shape of the 
hereafter w hy this ‘must be so. 


e Now the discharge that | passes any station does not depend in ‘the 
least upon the slope, depth or condition of the bed at, that place. — . It 


- depends » solely the water furnished from above. — 


nt. Tf, 
this, or the water surface must suffer a fall sufficient to compensate the = 


increase o of area. Experience shows that no such fall occurs, a and reason 


«1.287 ft. is "recorded. The 
wide. of the r river was 3 370 ft. 


18, 
"stained after | the change of area as hed existed before it, a fall 


progressing | at the rate of 0.5. ft. per was only slightly disturbed. 


Indeed, in a stretch of river which bee a mean fall of dead 0. 32 ft. 

to the mile, it is evident that ‘no serious « change of leve el can take Hay 


‘disturbance is shown : at about 38 ft. 


where 


was only | Ote 1 or 0.2 ft. This i is a ne proof of the reality of the | 


4 it is not possible, however, that the velocity should diminish while | 
slope x remains unaltered nad the depth increases. local slope 


— 

— 

= — 

q 
a 
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of 0.048 ft. to the mile would 
tothe mile would compensate for 


dished by direct measurem 


ON DISC CHARGE baie THE 
an increase in depth of 3.3 ft. ond a decrease of velocity of 0.3. 
change, of course, is maintained over er only a a short | distance. ee = a 


So long as as the cross-sections are equal, the ve velocities ‘be equal 
also 
the 


soon as the wide cross- becomes less than the narrow, 
1e velocity of the former will become gr greater than that of the latter, a 
te and this disparity will increase as long val the dow! a ard mov vement of a 


la the: river continues. If the bed of the riv er we ere unalterable, the ulti. 
_ mate result would be that the current over the bars would approxi-_ 


_ mate to the condition of a cascade or rapid, while that in » the pools 


ect of 


mote a deposit of the suspended matter brought down om the ter 


above. ‘Dur ing a rise, the cross-section over the ‘ber increases more — 


rapidly than that in the pool and soon | SUTpAsses: it in area. ¥ Its veloc- 


‘ity then diminishes: as compared with that of. ‘the narrow section. 


‘fom the current in the wide section becomes slack, while that of the — 
keeps i in The latter then becomes the 


‘known phenomenon, which is regularly repeated er every season, of 
transference of enormous quantities of f material from place to ‘place 


with « every great change of stage. hese movements are of great 


nitude, the datum cross-section nearly always “undergoing | alterations 
in asingle s season of 25 000 to 30 000 sq. ft. 


Secular C Changes of Area. —The secu 
hei already been alluded to, and Greeny file » and Wilson’s Point have 


been cited as examples of ay seems a permanent enlargement a 


section. So far as Greenv ille is concerned, this fact be ex 


taken there. At W: ilson’ 8 Point there i is satisfactory ev vidence that the 


= -section has increased in area since 1890 by about 30 000 sq. ft. 7 


~The greater part 0 of f this e enlargement ¢ of area has taken place | above 


the low- w-water line, as Captain Townsend has remarked.t Whereas the 


whole section has experienced the augmentati jon 1 above, all 
_ low-water area seems to have increased only about 5 00 000 ‘Sq. 1. ft. 8 ae 


: "These points are well elucidated in a paper ‘On the Protection of the Lower Missis- . 
_sippi Valley from Overflow,” by J. B, Johnson, M. Am. Soc. C. E., in the Journal of the 
Association of Engineering Societies, Vol, III, No. 9.  — _ 
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“t It would, perhaps, be possible to trace out sas changes of tg 
: “ded in in other sections by a careful study of the slopes. The data data for 
such a daly are abundant, and are vibe 2 for their con inuity and a7 


c their — They have been accumulating for 24 years; they are" 


F certain n and exact within very narrow limits. _ There is no room for — 7 


the conclusions have to be carefully from 


= due ‘to other causes than change of area. It is hardly likely that 


hese’ is s good that is the ca case. 


this preparation for the attempt “will 
made to develop some law of coefiicients of the ordinary formula, using : — 
g general slope and the mean depth. or this the. discharge 
‘observations 1 made at Arkansas City in 1884-85 will be used. * This ; 


ace is because it is situated the “head of reach who 


tributaries of the lower Mississippi; and because nes is a ann 93 
miles below, Ww ilson’ s Point, where discharges have amet been taken for an 


several thus affording a valuable check on the measurements 
made at the “upper station. The observations of 1884- 85 are the first ; 


ever at Arkansas City. the discussion ‘Mr. WwW heeler, sev eral 


witl the meter not more than 12 ft. below the surface. 
em to mean velocity. 
will be seen that the coefficients deduced from them are much too 
"great. “Subsequently to October velocities were taken at 
of aad any, and the results accepted a as the mean velocities in those a 


in the lead- line, but, as it is unknown where they ocecurr sed it is useless 


Table No. Iv contains the principal data a of the discharge observa 
tions of 1006- 85, together with the ‘slope, as estimated from the ga gauge 
records, from Arkansas City to Greenville, the theoretical velocity 


| There i is room for error in the areas, owing to to large. changes a 


Report of the Mississippi River Commission for 1887,” pp. 
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anch, rep a rising riv er, the less va values 


a falling river. ‘This general law is subject, however, to some 


STARLING ON DISCHARGE OF THE MISSISSIPPI, ia 
according to the formula » = 100 7s, and the coefficients required to = 
bring the expression 7s to the velocity as observed. 
Curve Of Cocefficients.—The principal object of the investigation isto 
at the relation between discharge and gauge height. It is 
evident from a casual inspection of the table that the coefficients, on 
st the whole, increase as the river rises and diminish as it falls. To 

ae mge as an argumentand 

= the coefficients as functions, as in Fig. 20. It will be seen that 
do not by any means follow a regular law of progression with 
the gauge, but t 4 
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remarkable e ceptions, there being violent departures f from the curve, 


a sometimes followed bye as sudden returns. will It t the table of of data: is 


also represent lens evens respectiv 
Arkansas City has a narrow and deep section; in » short, the river | 


pool, and in accordance with the general la law the cross-s 


enlargement by ‘scour with a a rise, | and contraction 


with a fall. Now, if the controlling sec section of a river, whatever that — 


= remained unaltered, every change in the area at Arkansas s City 
would | be exactly compensated by an inverse change of of velocity. — The aan 


i “discharge, indeed, wor uld not always ays be the same for the same gauge 
a height, for for the velocity would d still b be affected by the changes of of f slope — 


to rises fall; but the coefficients, which take cognizance of the 


~ changes ¢ of slope, would follow a ‘a regular law, subject to ‘small pertur- _ 


On the other ‘hand, a persistence of datum area at ‘station, while 


‘the adjacent reaches, above or below or both, are undergoing mutation, 
will produce a change of velocity at the ) station, even though the he 
‘general and mean depth remain the. same; or if the latter elements 


malty do, the change o of velo y will be o 


~ crease or decrease. The same effect will follow in a less | degree if 


the areas : do not remain absolutely persistent, b ‘but fail to respond at a 


“once to the altered conditions elsewhere. A very striking exemplifi- 
tion of this statement is afforded by ‘the high-v water discharge o of 7" 


at Wilson’ 's Point, of which a plotting is given n in Fig, 12, 


ae. 


viously referred to. It will be seen that the coefficient varied, from 


_ January 28th to March 13th, _ from 146 to. 0.97, the river steadily rising. — 
The movement of the coefficient, on the whole, was tolerably regular. — co 1 


— Observ ing 1 now the datum | areas, it will be found that they increased Aes 
ateadily | from about | 159 000 to 193 000 during the. same time, and re- 


mained at about that figure till the close of the observations. “The 


is irresistible that here is the true explanation of this 


nomenon; and it shows the futility of attempting | to io apply | formulas s 


— 
@Xamined, 10 will be found that these, lor the most part, as might 
have been expected, are contemporaneous with changes of area 
t the opposite direction. A further examination will reveal the fact _ + a 

— 

§ — 
— 
— 
— 
a 
— 
? — 
— 
of all proportion to the variation 1n those elements; or, 1n other words, 
— 
— 
— 

— 
im 


based on general conditions 


at any one pines, without a of those cireumstances and 


4 careful scrutiny y of the disturbing causes which they introduce. ki By 
It is not necessary to assume any alteration in the controlling 
tion to account for the | increased velocity at, the discharge tation 


The latter, as at Arkansas” City, and as as ; is generally the « case, se 6S 


_ ‘narrow section, much less than the average | of the river, and the rapid — : 


-_Tise had poured down a flood, which increased faster than the con- a” 


tracted section at Wilson’s Point ‘could accommodate it at the u usual } 


velocity. Hence the latter had to be. inorensed, which event nt happened, 


no by steepening ihe local slope, though the movement was” 


4 little o1 or no oinnmesione on nies general slope. on ‘The velocity of of ‘Th tt. pe per 
second or more that was attained ra) rapidly pr produced a , scour, 2 and, as the 
area enlarged, the by degrees to the normal. 

An equally significant example of the fallacious indications afforded 

by s strictly local conditions is presented by the Helena « observations of - 


-1884- 85. At this point there were two waapnd one for high and 


the other for low w ater, about 0.75 mile apart. 7 On two days measure-— 
me at both. oth. The general sk slope, of —ecars urse, was” the 


me @ for both sections. Yet at the upper (low water) station, on di 


e, the mean depth was 19.7, the velocity 3.06, and the coe effi 


owe 71, while at the low er the mean an depth was was 14.1, the velocity 3. 3. 82, 


a and the coefiicient 105. On a a subsequent date the velocities were e 2. 85 
‘and 3. 59, the coefficients 71 and 95. On the first day the an 


measured at the two sections s differed by 25 000 cu. ft.; on the i 


they were almost identical in in value. of 
1 


Formulas Give Too Low Velocities at Low. — It m may here be 
remarked that the formulas all give too low values for the velocity at 


low | and too high v: values for the coefficients, and 
which, ) Weishach's and Kutter’ 8, 


tt 7 
— 
at 
= 
il: 
il 
il 
4 i; 
— 
il 
— 
il 
— 4 ; 
4 4 & 1d — 
— 
— 
this error is that they take the general mean depth of the scction, = 
obtained by dividing the area by the wetted perimeter, instead of 
dividing the section into partial areas and applying the formula 
each, an error identical in principle with that mentioned on page 54, a q 
whereby the mean velocity is confounded with the mean of the mean 
velocities in vertical planes. The amount of error thus introduced 


will vary with the he shape of the section and the. stage of water, b being 


“greatest whee thee section is compose d a deep an and a shallow part, t,and 


when the latter is first submerged. Ins sections of uniform | ‘depth it is 
nothing Generally ‘it is greatest at low stages, the variations of of depth “: 
beings relativ vely less when the river attains ite height. In the present 


instance, at the lowest stage, 7.42 ft. on the g gauge, the error 
10%; at at 20 f ft. it it is 8%; mt the -bank-full stage it is about 4 per 


Fill at Low Stage.- —An -An inspection of Table IV will show that the fill 


steadily atl low the area decreasing from 230 000 - 


i. be comparativel, 
then material which i is Aeposited on ‘the is 


that the prevailing 0 on that bar is is abundantly sufficient to 
dislodge and considerable quantities of sediment, the deposi- 4 
tion of which is favored by the low velocity inthe pool. It i is oaZn s 


that ta good deal of matter is rolled along 1 the bottom. 
‘The r relation between transporting power and velocity i is not defi- 


-nitely known, and there is some diversity i in the views of engineers 01 on 
, the : subject. It is generally admitted, however, thet there is a con- 


nection between the two, and that a an inc 


crease of ve locity is attended 


by a scour, and a diminution of velocity 1 xy a deposit of the are 


_Supposition of Uniform Velocity.- —Now suppose a stream, straight 
in plan. and of f erodable bei bed, to be a act etuated | by a current which is ‘per- — 
fectly “uniform. the water enter the head of this stream | 


en the co course hav ve bends in it, the force of the current w 


will be 


‘the same, that will be delivered at at the me mouth eq equal in quantity 
This, of cou on 


— 
— 
af 
has so little transporting power, the movement of — 
7 should be so considerable and so persistent, when 
ecomber 20th to January 23d it should 
— 
— 
— 
ima 
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he supposition ther material is homogeneous with th that 


ce There will still — a quantity of matter : rolled along by the current 
According to the received ideas, there is always velocity enough pre- 


vailing i in the Mississippi to move the loose and finely div idea material | 


hic h lines its channel. 


would appear that a mean ‘velocity of lens. 1 ft. per second will 


. move sand and even coarser substances. Both Mr. Powless and Mr. 


“well a as sat high. si nv he mov vements, however, er, were more more violent an and on | 


mass of material 1 moved was greater as as the velocity: increased. 


d It the ‘velocity were ‘the same, no matter 
= great, the same quantity w would leave the section as entered it. 7 


While, therefore, there might be a very large movement of mater 


through the section, measurements would not an any ane. 
changes in its dimensions. ‘There might be « considerable daily dis- 


turbances, du due t to the passage of of ‘sand wave 4 


a oa The alternation o of wide and narrow places i is wey well, exemplified — q 
at Arkansas City. About 3 miles above the discharge s section, which is _ 
about 3 400 ft. wide, is a wide and shallow stretch about 77 750 ft. 


broa, . According to the soundings of 1882, at a stage of 42.4 nal the 


- Arkansas City y gauge, the area of this section was about 233 000 sq. q. ft., 


while that of the narrow section just below the town was 203 700. za it 
‘2 _ areas are assumed to remain unaltered by fill or seni there will Ibe 


Fig. 
at the extremely stage, the e has con ntrac 
breadth to hardly more than half of its former prope ortions, and 
‘become almost a a pool itself. ye These conditions, of course, do not = 


ace 


’ - tinue, for the small cross-section n enlarges and the great one contracts, 


at at either stage, by the action of the river. se 
There is a is a time during ther rise and also during the fall of ev every flood 


_ the velocities in the deep and in the shallow places approach e sh equal- 
re should be little general in the dimen- 


tz 
| 
— 
tm 
| om 
— 
— — 
— 
— 
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sions of the bed. At City, in 1882, the bed to re- 
main as it was s when the soundings were made for the general map, at ye i-: - 


acing of ‘sbout 85 ft. on the A Arkansas City gauge, the area in the two 
sections was about the same, namely, about 178 400 sq sq. mh and the: ve- 
locity about 4.66. ‘Under such circumstances the the 


dimensions of sections should be from material rolled 


‘The tendency, then, at each stage, is towa ‘ard equalization of 


areas of the wide and narrow sections. As soon as the area, either on 


42.4 ON 


accompanied by: fll 


seen at stages below about 84 or 35 ft., por this irrespective of rise or = 
fa ‘There i is every to suppose that the material for this is 

‘deri 


to scour is the not regular, = 


ved from scour of the bar above. stages above 35 a 


a 


= 


a — 
— 
7. 
-4 
: pool, becomes less than the one adjacent, its velocity relative 
place where the current is slackened. This Geauction 1s Dorne 
q 
= 
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To this limit, then, both areas w “ae tend = Toward the climax of ai 
‘rise the « cross-sections are found to vary from about 207 900 to 218 600, 
; ‘the an areas as being maintained for « several days ays above the mean, either 
from the passage of sand waves or other ireumstances, or 
more probably because the soundings of 1864-86, made a at intervals of 
6 50 ft., gave larger a mapad s than those of 1882, at intervals of 250 or 300. 
At a a stage of 50 ft., the two sections should have areas “of about 
7 292 000 and 2 230000; mean, 261 000. — In 1893, ‘the: river actually reached 
this height. The dotum at the dinchare ge » section, ‘which had been 
about 230000 at a stage of 35, increased to 244 000 at 46, and then 
24 rapidly scoured out to 261.00 a at 50, where it remained ti of 
dn Increase of Coefficient with Gauge Height. ht.—In ex examining t the 
of coefficients, they are seen ‘to increase with the height of the stage, — 
‘and this is understood to be the law of the progression. 


: All formulas which do not make c a constant make it increase with 


a cither the velocity or the mean dep th, or both. " Is this t tr ue ? ? > And 


if s 80, Ww why i is it true ? 


First.—The roughness of the banks and bed cuts a ‘somewhat 

: - greater figure at low water than at high. * At a mean depth of 60 or 70 — 

- ie it makes | comparatively little difference whether the sides of the — 


be or amocth. ft., its may be quite 


s hari lly more than 1% difference the ¢ 


—At som some st stations, such Paducah and there, is 


mean n velocity, then the 1 more nearly these quantities approximate, tl 


more nearly will the formula give the mean velocity. Now the 


as the disparity between the and bottom is 


At Paducah the ratio betw een the maximum and 


— 
— _ the two sec : 
— q 
— 
— 
— 
a 
— 
— 
4 
— 
= 


Helena, the ‘same 0. 58 0. rat 
mean and bottom velocities i is probably, for the mean of the two s 


tions, ‘about 0.60 at high water and 0.80 at low. 

r stations nothing. J At 


there were on 


‘Landing no bottom elocities were taken at and at Red 


record is extremely scanty and unsatisfactory 
‘Third. —The ty between the general and local is 


greatest at low ¥ water. For obvious reasons the discharges arealways _ 


taken at narrow and deep sections. These be become almost pends atlow 
water, great area and a low velocity, accompanied, of course, by 


local ‘slope. e. The “computed or theoretical _ velocity, « obtained 


s the general slope and the local mean depth, is, therefore, at 


such times excessive, =e to reduce it to the observed velocity y the com ae 


efficient must be made v very ery small. On the other hand, high w water, 
the local al slope approximates to the general, as has been 


‘oh 


it deep s sections the velocity at high water is often three or four a 


as great as at low, while in the wider places | it is probably less than 
twice as much. Gat the > bar above Arkansas City, in 1884-85, at high 2 
water, the mean velocity y was probably about. 4.8 ft., vat about 
BS 5 ft. _ At th the e discharge s section it ranged from 5.3 to 2.: 3. At ‘Helena, 
ia 1884, the velocity was 3.59 on the wide section w hen oo aa yas 2. 85 a “a 


ae the other hand, at small depths i in in irregular sections, the cocfi- £. 
cient may exhibit a considerable i for reason on former ‘ly ex- 


2 plained, namely, ‘ from the computation by the 1 whole section instead of - 


Of these reasons ‘the t third has far influence thea the others 
' a put together. os -It will therefore appear that the increase in value of the 7 


EA coefficient with gauge height i is not a necessary incident, but i is princi- ‘.* 


pally dependent on the shape of the section. this, abundant con- 


mis Explanation of the Irregularities of the Curve si Coefficients. —It is now 
possible | to explain’ all the 1 vagaries of the curve of coefficients. » 


greater values on a rising river are due to the smallness of the e areas, 7 
as in the: cane of ilson’ s Point in 1890. ‘area a cannot increase | 


4 | 
c — 
— 
4 — 
4 
— 
. 
— 
— 
— 
— 
— 
— 
_ by scour until the area of t 4 
q the ber above exceeds if, end, he — 
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ae — is a disproportionate augmentation of velocity above what would have | 


been expected from theory. Po ee 
‘The smaller values after the crest of the rise h 


7 Bed the fact that the a which have lately scoured out hav 


d tot mal and hence the velocities 
y shou ll unti 


 eross- section over r the ‘bar has een materially reduced, 


lished there and a * considerable slackening i in the pool below to tale 


The remarkable perturbations that are seen in the ard 


of the curve at 36.5 to 39 ft. are due » principally to the violent fluctua- 
tions in the ‘area, to which reference has | already been wae whereby a 


“The welosiiy on tens anuary 13th Ww as undoubtedly a good deal too small, 


d 


as is s evident trom ¢ the fact that t the area decreased at id same time, 
ave been. The 
oft the 


a on the lapee of time betwe een iis y 23d and 30th, whe 


“scour began, which continued until February 6th, when ‘it was 
» 


_ ceeded bya fill. | ‘Ther record shows a sudden decrease in the | velocity a 
“and i in the coefficient, corresponding to ihe increase of area. = A new 
; meter came into use at this time, and, unfortunately, the ‘observations 7 


_ before and and after January 31st cannot be compared v with any assurance 


of accuracy. A meter may Ss be consistent with itself, but, unless with © 
the best instruments and the most careful rating g and manipulation, the ‘ 
results ven by different meters must be expected to present some ™ 
discrepancies. Judging ‘from the r record subsequent to ‘February 
‘4 12th, when still another instrument w was substituted, the ‘meter - r used | 


ofr om January ‘Bist to February 12th gave velocities too low by 0. 1 ae 


of an Invariable Datum Area. hile the mov vements of 


7 
— 
> 
ig 
— 
— 
— 
— 
— 
— 
— 
— — 
about 60 000 more than the mean of the preceding "The 
— about 60 00 notes say: 
— 
a J ¥ 2 
— i 

— 
— 
— 
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estimated, nor has any means been indicated whereby 


at any stage, ‘under any ‘be ascer- 


In order to got : rid of the recurring ch changes of f area, 
the datum section at Arkansas City may be assumed to have been i in- ph 
_ variable for a certain period, say, during the rise in January, the water i * 
area » being subject only ton such changes as were produced by rise and e 
. 5 fall. . Ins such a case it is evident that the discharges would pass w ith 
certain velocities which might be very ‘different from those which 
prevailed. Those "velocities easily ascertained, how ev 
had been unaltered, and dividing the discharge by it. ‘The area is 
‘easily ec computed by taking the difference between the proposed datum 


area an and the actual datum area on any § giv en n date, and adding it to. or = 
it from the given water area. The standard a area will be 


rise, namely, 2 


on that are as 


me \Theoretical 


pea. t 


| 
December 31.... 
January 


210 210 
210 716 | 
211 155 


: 


® these velocities are plotted t to the gauge heights, a pretty r r gular — 


me w will result, considering the « crudeness of the data, approximately 


straight, except a at the top of the rise, when it begins to break a little 
one Fi ‘ig. 22). a The velocities marked * are © considered. untrustworthy, 


observations from January Ist to 10th are ‘quite consistent 


— 
— 
— 
Date, Gauge. — 
im 
— 
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with one another, for they make a g greater variation in the ah 
low stages than : at high, the rise » being still in active progress, which = 
the case. discharges for those dates should be about 
a) a 000, 607 000, 684 000, according to the usual rat rate of progression of 


a disch sharge. “If thes these se figures are ‘weed, thes assumed velocities for 


those dates will be as ‘represented by a a A in the plot. eres ¢) oe 7 
Slackening of Velocity a at t Cre: est of Rise.—In endeavoring to fir find a La lew 


the upward progression len of the velocity or of the cocfiicient, the 


data obtained near the top of the should not be ‘used, 


: 


76 


| |COEFFICIENTS 


HOO?’ 


VELOCITIES: 


22, 


known fi fact, remarked 1 ong a ago Humphreys and Abbot, that a slack- 3 


— 
— 
= 
— 
— 
— 
| 
— 
a q less dischar This fact is attr rise falls off, 
— ata stage a little lower. 1 o flatten at this time. As 5 
— at a stage a litt e begins to flatten at apidly above = . 
— st.—The slope begins is diminished more 


‘THE M 
even while the river is shing. cursory study of the slope 


Figs. 16 and 17 7 will ‘make this v very clear. 


Second. —There | is a change occurring in the conformation of the 
river-bed. While the rise was in active progress, the bar was building 


he pool was scouring. The scour did not t begin in the ‘pool, 


until the velocity in latter surpassed that of 
on the ‘bar, a and the | two processes continued until the two areas were 


During this time, at all the bars have acted a hed 


depth in ‘them, have ‘become excessive, profile 


de » Would have 


the of Ww vater w hich can be admitted to the is 


: by the the height of the bars, , and the ¢ conditions 8 prevs ailing in the pools 


can only partially modify their effect. st ‘The veloc y of the water at 


w ide sections is s alway greater than the theoretical velocity, be- 
cause the lo the local slope prevailing 


on on the bar is Dar i is in of 
eral ‘slope. If the sections re- 
mained unaltered, a time would 
mained 
ve when the general slope 
vould be the g greater. Therise pro-— 
_ duces a much greater pr roportional i increase of mean 
in the pools. — At Arkansas City, for instance, a rise of 5 ft. above the 
gauge e of 42.4} produces an ed me mean an depth i in 1 the shallow: sec tion 
-_ from 30 to 35, oF r one-sixth. In the deep section, , the increase is from 
60 to 65, or one- rwelfth. Hence the velocity increases faster on the 
: : a in the pools, , and at a stage age of 55 ft it would finally surpass the 


theoretical velocity. * This process is modified by the alterations w s which 


= take place in the bed. only is the pool but the * 


1 pool furnishing the material for the accessions to the bar - 


below it. While the upward progress of the river is tolerably ‘regular 


and rapid, | the daily i increase over ‘the virtue of 


of f the and the bars may ve eritable dams, 


— 
é 
: fom 4 

é 

‘ 
tke — 
j 
ra 
is considerable slackening in the rate of rise, however, as happens 
depth the discharge 1s the same, or maintain-— 4 


DI OF THE 


ing it when the supply of water is continually 


instance, from January 23d to January 31st, the ‘cross-section Ar- 


kansas City increased 5 3 500 sq. . ft., or or 1.8 ft. in mean depth. ‘This 


a is probably deposited in n the first wide section below, me is poreny 


to raise it a foot or: 80, while the gauge height ha hasi incr C 
neof Assumed Velocities. —If this movement on all the 
bars t me oughout the river, as is likely to be the case, it may produce ie q 
very little effect on the slope as es estimated from station to station. — S 


A of the 1 maintenance of the slope and of the 


be computed and plotted, that i is, s, the products: 100 vrs, 8, and the co- 
efficients required to to sit them to the assumed velocities bahay: found. 
Sa locities would be a curve concave to the axis of ordinates. 3 “The = ate 
however, at this station increases with t the gauge height; consequently, 
‘fs ‘the. theoretical velocities are found ranged, as nearly as may y be, i in a “4 


7 straight line, not parallel tothe line of assumed velocities, b 


to ond as the gauge By means of thes 


= 


given on page 445. They f form a a curve, giver en alent in in Fig. 22, “The 

Tine can be extended to any stage, and the coefficient ascertained. 


By taking the elope fs from the slope curve, and the mean depth from — 
the known addition to the gauge » height, the velocity may be com- 


4 puted. _ The assumed cross-section may also be easily ascertained by 
F adding the i pean of mane due to the given rise, to the datum area of | 


Che, 
as 212 000. ‘The discharge at the gauge height required may hence be 
= ah _ easily ascertained. _ The velocity may be more easily found by simply 
"prolonging the line representing the assumed velocities. 


Cane: should be taken, however, i in 1 extending by ar analogy ‘the | con-— 
“4 ditions found at moderate e stages to extreme high water. . Usually this 


8 

| 
| 
— 
ay 
— 
line drawn through the assumed velocities shown in Fig. 22is 
nearly a straight line; in fact a straight line fits them better than 
= On the same supposition of an invariable datum area of 212 

— 
— 
— 
— q 
@ 
— 
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ON DISCHARGE OF THE MISSISSIPPI. 


+ 


as likely to 0 prevail at ‘such 8 stages, ‘the direct observations ob- 


tained at ‘height enerally with. many of 


‘The ordinary method of arriving at at beyond 


those directly experienced is by prolonging the curve” of discharges. 
% Now a very superficial examination of any discharge curve will show a 
few leading points. “The discharge, as a general rule, increases w voll 


river remained enchenged, would probably be  tolerably regular. The 


rate would | alway s be greater on a rise and less on a fall, from the 
_ known peculiarities of the slope. For this reason it has been con- 
d proper, as has been already observed, » tracing a discharge 


eurve, to select only times when the 1 river was "stationary, and thus 


; eliminate this distur bing influence. It is found that this process gives 
a far more regular curve, yet thefe are still v 7 great ‘discrepancies — 


observable; 80 persistent, and recurril with s uch regularity, that tit 
is impossible they be errors ot observation. Even i in the mea- 
, surements of any single season, they are conspicuous, if the time of J 


observ ation be at all pr olonged; but they are most in ‘com- 
paring the data obtained from different. years. 


* that in ey Ty 


ae was observed several years ago by Colonel Suter, 


series of discharge observations, no matter how scattered they may 8p- - 
it wi as possible to group them about a series of curves to 


a certain standard That i t is, the ve ve of one ye earo 


of the days of Humphreys and Abbot 
parallel must not t be understood 


literal sense, for each curve is more @ or less : affected by | perturba- 


= 


fons of one kind or another. _ The general effect is the same, oe 
a ‘Colonel Suter remarks, as if the whole river were bodily raised or 


the best mee he con- 
ailal 
ii 
— 
4 
— 
il: 
| 


Discharge Curve of 1884-85 at Arkansas City. _Fig. 24 shows the 
7 = features of the disc ischarge curve of 1884-85 at Arkansas City. 
it will be seen that the curve | consists of two principal branches, 


one representing the x main rise of the season, in January, 1885, the 
_ other r the fall wi which succeeded that rise and the ‘movements subse- 


= 


quent t thereto. Iti is evident that during the latter period almost the 
me relation pr »vailed betwee een the ‘successive v values of the discharge 


ssed at 
DISCHARGE. FIGURES. REPRESENT HUNDREDS oF F THOUSANDS 


Tor 


{AS 


| 


SACRE 


/ 


Lo 
a. a gauge siiiiiiess higher by a little more than 2 ft. after the crest of the 


; ny rise had passed than during the progress of of the e swell. The two. 


4 curves are ve very ‘pearly parallel. 
Now the discharge at an any height is “equal to the assumed pniginndl 


is multiplied by the water area corresponding to that height, as com- 


% puted from ‘the standard datum area, supposed to be invariable. je = 


medium and high stages: the area a increases ¥ with great regu- 
larity. — 20.28 ft. the width at the water line was 3 299 } ft. At 41. 7 
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cale, the line drawn the ‘points t 


would 1 not ‘be distinguishable from straight line. But 
_ the assumed velocities ‘also rs range themselves in a ‘straight line, the 


_ values of the products of the two should be represented | bya series, the 
"differences of Ww hich should run only to the second « order. This i in fact 

is the case. it the | ascending | and descending v: values a of the di charg eo 
be arranged i in two series, they will run very nearly as follows: Pane | 


4 Gauge. | Discharge ‘difference. | difference. 


First 


Discharge. 


981 500 
1.059 000 
1 140 500 
1 225 000 
1 313 500 
1 405 000 


‘that rt which the observe ations terminated. If it is that the 


--behavi ior of the several quantities 


higher | stages as age actually reached 


me 
previous to to the culmination of the flood, when velocities 


passing the ‘point: representing at the highest 7 
gauge as attained, ns namely, 41. 7, then the intersection of this 


ntal line representing’ the height of 50 ft. would a 


give the d yea that reading. mean of six observations 


— fore, for each 2 ft. of ri 
was 3 380. ly 6 608, 6 616, 6 | 
oa. * — 
— 
— 
then gradually slac the line which they 1 a 
SLOWLY, an longation . If a line w = 
‘imately pursue a lower stage. 1. 
during the — 


addition to the height of 8.3 ft. From the ‘frst series it found 


A height of 48.45 demands a discharge o of 1450 000. _ ‘Then 
thei increase of discharge is 365 and the discharge at the height of 


on 
50 ft., ‘supposed to be at the + ‘stationary point, or at the turn of the 


Changes of Plane. —The phenomenon of the shifting of the stage of : € 
discharge is very appropriately cs called by Colonel Suter a a‘ “change 
It seems to b be principally due to the changes 


‘been noted as oceurring in the river-bed from stage to stage. The fll 
on the bars continues: steadily, in harmony w with the “upward progress: 


of the river, until, by the joint | effort of | the | ‘fill and of of the contempo- | 


raneous: sour in the pools, the areas, 2 hence the velocities, are: 


= brought to a state of equality. 7s So during the progress sofa fall, after 
' the medium stage, or ‘stage of of equality of of areas, ha has been passed (which 
at Arkansas City i in 1884-85 seems to have been about 35 ft. » varying, 


f of course, with the changes of the bed), the } wide e places ct cut ont and 
.a ee pools fill, with a tendency t toward the same result, equalization of 


€ross- section and of velocity. 
4 At high water, owing to the energy of the forces at work, the 2 proc- 4 
@88 goes on with great rapidity. low water, the velocities are feeble 


and the be changes from to day y comparativ aly m small. the season 


‘The einen stage — appear to be, on the whole, one of con- 


serva atism of existing conditions, whatever they may be. " If this stage . 


‘succeeds a considerable one ‘sine, it finds the bars high 


the pools deep. Coming : after a a prolonged low stage, it finds the bars 
om 
low and the cross-section in the 1e pools sm: small. 


It has be been shown that the bars are the ‘controlling elements of of the 
bed at all stages. A ge general ‘elevation of the bars throughout the ; 


river, or throughout that portion in which the elements are considered, re 


a ‘is equivalent to general elevation of the water surface. any one 


‘year, the o: oscillations of the datum area at the 


generally pretty fair exponents of the changes f from stage to stage on on 


ner. — 


a STARLING ON DISCHARGE OF THE MISSISSIPPI 
— ~~ 7 _ taken at the top of the flood gives a discharge of about 1086000. jf 

co i [x _ From either of the two series given on page 451 the increase of — 
j Interpolation that a discharge o rresponds to a height 
— 
— 

q 
— 
i q 
— 
— 
— 
— 
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STARLING on DISCHARGE OF T 
the bars, the movements of the latter being = the 
For instance, i in 1884-85, the continued decrease of area oa during the low 


— indicated a progressive scour on | the bars, and he hence a ‘“ ‘change 
of plane’ in a 1 a downward while at the top of the. rise the 


rapid enlargement of the discharge section was | significant 0 of a fill in 


_ the wide places, and hence of a rise of the water plane. = sole 


- 7 From year to year, the phenomena have not necessarily the same 
significance. . Thus, in 1889, with a datum cross-section of only 195 000, 
discharge of 74 745, 000 ‘passed at a stage of 85 ft In 188 1885 after the 
‘rise, with a datum area of about 212 000, the same discharge had passed 7 
at a stage of about 33, and during the 1 rise, with an area of 206 000, , at 7 
4 about 31. _ Hence it is pr obable that there are other r changes of the the bed _ 


ch as have been mentioned on. pages 428 and 429, of a more perma- 
it or per haps of a periodic n nature, which have not yet b een n carefully 
studied. Such changes may be ‘Supposed to proceed from. a long con- 
of high-water or low-ws ater conditions; from an unusual — 


inuance 
dominance of floods from clear-wa ater stream ms like the Ohio or “upper y 


Mississippi, or from silt- bearing tribu tari ries like the } > Missouri and Ar 


all which may y very y readily have an important effect the 


tenance of and the: confinement of ‘floods, or, on the 
q bias other hand, to the occurrence of crevasses ‘and the deterioration of the 


bed which may naturally follow therefrom. 7 ‘The reclamation of tracts” 


unprotected and the consequent exclusion of the action 


“a ‘basins as reservoirs may be included in the same category a These ai are 


mM very complicated matters, , and d require for their discussion wach local. 
know! ledge. and much careful study. 
respective parts: play ed in the change of plane” of the 


Ye charge | by the several causes may be easily discriminated. In the case © 


of 1884-85, the slopes corresponding to the two branches of the curve ? 


- differ by a an extreme quantity ‘of about 0.000004. At a stage of 85 ft. ie 
this difference would produce | a a change i in the velocity of about 0 0.1 ft 


per second, ae in ‘the discharge of about 20 000 cu. ft. The e actual dif- aa 


ference was about 90 000. a The change « of area in the discharge section — 


‘not affect | the but only the Hence 


— — 
iii 

a 

q 
a 
4 
iii 
q 
q — 
— 
— 
ia 
q change of plane is sometimes mostly local. On March 9th to 


11th, 1893, a discharge in the mean at 1 050 ( passed 
Arkansas City at a stage of 43. 1, while in 1885 the same discharge : 
passed between 39 and 40. In ih this instance the the an of plane was . ; 
- confined principally to Arkansas City, the gauge at that point being x 
much higher, relativ ely, to WwW River ond Greenville than 1885. 


= “a At ‘the he height of wal rise in| the latter year, ¢ the following show 


White River........ 


; “Thus, it will appear that the there were slight changes of plane at | j 
City, , and none at all at Greenville or Vicksburg. =, 
High- gh- Water Conditions Should. Repeat Thems high water 
be of long» duration, the slope should be brought tO > very nearly 
the s same value from year year, depths of water on the 


bars should be nearly. the same, and, in — the conditions should 


repeat es, in so far as are 


: resented hy by the line C OD E F in Fig. 25, an and | suppose the w rater nolan 


A 


E 


/ 


tay 


Blackened and the bars will build. In the pools the will 
had 


‘increased the bottom will be depressed. ‘The bed will then as- 


iy sume the : shape GHIK. Now this 1 reasoning is altogether 


ent of the exact anaes of the original b bed ¥ D EF. It may be as it i 


4 
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— 
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di 
— ‘ith March 9th to llth, 

— 
| 

— 
— 
— 
— 
— at the height of the flood to be as represented by A B. The area on ; j 
— 
— 

— 
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the latter case athe: will be little change. 
i long time the result will be the 


The end process will be w hen the areas at @ and at 

Hare e equalized. ef But ‘Suppose . the water level to occupy the position = 

M, lower than the normal, ‘instead of B; will not, the areas 7) 
be - equalized and ‘the movement of material stop prematurely at a 
lower level than It appears that this should occur 


Ww ater slope i is fixed or oscillates between limits. . As eal as the | gen- 

eral] bed of the river remains the same, and the mov ement of material al 

ise confined to the transference of ‘silt from one locality to another 


y adjacent, the h igh- water slope will not be disturbed there eby, 


ided it has time to adjust As the b bars rise’ the water will 


rise also 1 until it has attained its normal slope. If it be supposed | 


an end to the building process. — th n other ' words, as it sled been e 
 . pressed, ‘ “ the slope would prove more re inflexible # than the signal = 
‘The higher the flood, the more rapidly and ‘certainly w “ill the nox- 


mal level t be reache od. >. If the flood be short and of moderate height, i 


is ev vident that the water plane “ the extreme point reac hed may 


above a or below the ‘normal, the conditions at medium stages” ‘havi ing 


2 ely Tittle te tendency to chenge. The stage | of water 


the rise 


— 


“finds it. it. With th the forces prevailing at extreme flood, adjust-— 
a 


I 
"ment is speedily brouget about. If high water indefinitely pro- 


longed i is assumed, it appears a natural ‘consequence that a a certain 
height, slope and other conditions should be reached which — 
reproduced under similar circumstances at other times, with the oa 


and id as the time» was extended fo for their operation. 
ty w vould be desirable to bring | ag this ‘Feasoning to the test of ; 
but this cannot rigorously done, | for the true. high-water. slope 


ay the Mis ‘sissippi has never been ascertained, even for one year. It dit has” 


_ always been disturbed by the same influences that have introduced 20 so 


“Report of the Mississippi River Commission for 1884,’ 2551. acs 


 _ 

If the river remain at flood 1 ee 
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if 

— tise still more, the consequence would be that the level above the bar — ae ee 
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many ‘complications into the movements of the discharge; escapes and 


returns of water, influence of tributaries, reclamation of lands, ete. ‘4 


is also. very much affected by duration of flood. Every one 


however, the persistence with which high-water conditions 


repeat themselves. . Any “river prophet,” if given the stage at Cairo 


‘its | duration and the condition of the tributaries, will ‘State 
within 0. ft. or less height will be at Helena, 


a City, Greenville or V icksburg from a comparison of previous experi- 


‘Extreme Discharges at Arkansas City. —The at an extreme 
_ height has been measured at Arkansas City under very fav worable con- 
‘ditions. The stage was 49.6, within 0.7 ft. of the highest ever reached 
os there. The river was stationary. 7 The mean of the observations of 
eight days available, which are wonderfully ‘accordant. There: > 


was no disturbing influence wi within 60 miles below, and none at all above. E 
The measurements had been checked, up toa fow days before, by 


simultaneous observations at ‘Wilson's Point, 93 miles below, and by 
free use of the flanking method at both | places. The « discharge 


was also observed | at the extreme high stage, 50.3, which was reached S 


the same season; but at that time there were disturbances which ren ren-— 


_ dered the. determinations of the discharge less trustworthy, and which | 


— 


the 


m mean discharge for eight: at a reading of 49.6 on th 


a 
Arkansas City gauge, was 1-425 206, As computed from | the ‘serieson 


page 451, from the data of 1884-85, the discharge : at this stage ei 
be 1 431 478. _ 


In comparing the two series just referred to, , the first neue 


represent the increase of the | discharge for each 2 ft. of rise. W hile — 


_ the two curves are parallel the same differences do not cor correspond to to - 
7, the same gauge heights, but to the same values of discharge. Thus, . 


im the ascending series, the increase of discharge from 30 to 32 ft. wa. a 3 . 
«64 500. In the descending seale (or rather after the fall) the differ- 7 
: 


“ence 64 500 does not correspond to he stage of 30-32, but about to 
- that of 32-34. It corresponds, however, in both toa a discharge o of about = 
. 720 000. Hence, in using this method, _— not gauge, is to be 


The observed at 49.1 6 may ‘be 


= 

— a 
— 
i= 
— 
— 
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assumed to be nearly 


deduced fror om a the ‘seri ies OF on page 451, especially as they 


50.3, 1 458 500. ‘The mean six days of measured discharge 


a actually taken a the latter stage, was about 1 504 000. This includes ; 


the extraordinary measurement of 1 667 000. Excluding this, 


i result was about 1 480 000. _ Probably this is not far from the truth, 


but the stage w ould have been a little higher had it not been for — 
At the stage of =. 3, which is the grade of the present levees, the 


| discharge would be (still ‘starting from 49.6) 1 605 600; at 56, about 
(1745 000. 


“disturbances. 


variable area velocities therefrom, which there was 


‘ doubt about extending to high stages without some check. — 
of assumed od velocities i is developed beyond the time of ‘the culmination a 


2 “ of the rise, e, and it is followed during the fall, it will be found that this » } 


like thet. of the discharges, is approximately parallel to the 


7 ascending line (see Fig. 22). it is hardly worth while to oe 


table from which the several points of the line were derived. If now 


a is is drawa to these lines through the highest 


at taken a at cele 3 400. “Abs 41. Ti it was 3 380. na The i increase wat height is is 
7.9 increase of area, 26 860. Adding this to to the ‘assumed datum, 


r 212 000, the assumed area will be at 49. 6, 238 860, and the discharge, 7 
1433 160. 7 At 50. 3, the assumed area will be 241 240; velocity, 6 07; 7 

"¢ discharge, 1 464 327. ry At 53.3, the area W will be 251 440; the velocity, , 7 


640 6.40; the discharge, 1 609 216 ; at 56, the he discharge will be 746 15 


Observations of 1893.—The discharge observations of 1893 extended a 
: 
“over 0 only a small period, namely, from March 9th to April 8th, a and 


" from May 5th to June 7th, covering a range of only 16 ft. on the 
a gauge, from 34.2 hed 50. 3. For general study they are therefore not so 


instructive the series of 1884-85. They however, the great 
advantage o of being” known to be, the main, tolerably accurate. 

They were accompanied by s simultaneous observations at W ilson’s 


 Poiat, which: serve cheek, espe cially before crevasses 
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intervened. They liave another advantage, that t 


~ = ery high stages. It has | always been am matter of doubt how far in- 


-. ductions made from medium stages were a »plicable to extreme high- 
water ‘conditions. These observ: ations, ‘exhibit considerable 


_ Variations i in the cross-section. et ~The datum is taken at 50.3 instead of — 
at 41. 7. The datum ar eas range from 233 252 to 262 008. 


standard area a will be taken at 242 000, which corresponds pretty 
q nearly to the datum of 212 000 in 1884-£ 85. The data observ ed during 

A the rise in May are too few, however, ona extend ov er ‘ue small a 

ra range of the g gauge to be a safe guide. ; “The fact that the observations 

Be. were not continuous prevents tracing ‘the various changes of the bed, 

although they can be easily imagined. In the considerable discrep-_ 
ancies of th the recorded velocities” and discharges, it will be safest to 


take the means of those whic h were cbasrved w hile the river ae 


stationary for a considerable “period. ‘There were two times, 
q corresponding tc to stages of 40. 0 and 49. 49. 6 respectively. At nee: dates 


the following data are found: 


depth. — velocity 
March 20th-29th..| 
15th-23d.... 49. 


«Ifthe line of assumed velocities is supposed to be straight, a as 
i the velocity at. 50. 3 will be 6. 05, and the discharge 1 ats 100. 
At 53.3, the velocity will be 6.48 and the discharge 1 635 325. . The yi 
observations actually taken at this stage hav have already been given. 
OA \ comparison of the ‘ilson’ 8 Point observati ons shows no fluc- 


tuations o of the discharge as are recorded at Arkansas City. ‘There 


| were crevasses at this: time between the two stations, b but they had been en 


"running for Ww eeks 01 or more, ond there was ‘little change from aay 
to day i in their rate of discharge. 7 There should have been then nearly 
2a constant difference between them equal to tl he combi ined discharge - 


crevasses. The latter were measured twice during the season, 


the results are not entitled to’ much confidence, the "condition tions b 


extremely unfavorable and the methods somewhat crude, A crevass 
is divided into several sections; at least three direct flows and two a 


_ reverse flows, caused by eddies, as | shown i in Fig. 26; and it i is age 


difficult to mea: e their discharge correctly. The discharge at Wil 


q 
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ON DISCHARGE OF THE MISSISSIPPI. 


~ gon’s : Point at this time, for the five days succeeding the excessive 
ss velocities recorded at ‘Arkansas ( City, av eraged 1 391 658, and for the : 


wee 


OU Use of Method of Coefficients. —The use to be made of the method of 


is to be considered next. 1884- the of 


the theoretical velocities before and after. the ‘rise followed nearly 


Straight | and parallel lines. So the assumed velocities, | on 


ee a constant datum area, follow ed lines w hich were nearly ne 
and parallel, but inclined to the lines of theoretical velocit 
when plotted, form curves which have the same 
a reg but are not exactly parallel (see Fig. 22), - In each curve, how- 
r, the progression of the - coefficients ; follows very nearly the : same 
aw, might have ‘been expected. following table gives the 


+ values of the coefficients arranged i in series, , With the differences. 


Gauge. Coefficient. ‘First difference, Coefficient. ‘First 


on 


. 49.6 ft., in 1893, the coefiicient deduced 1 from actual observation 


the assumed data, ‘on page 458, is 87. From either r series 
given above, it is seen that a cosfiicient of this v 


a increases, for an increased height of 8. 7 ft. (that i is, from 49. 6 to 


| 
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— 
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by about 2 is, at 53.3 it would b becon The slope w ould 


have been about 0. 0000 1 “The ‘mean depth, to datum of 242 000, 


would have been 74.3. Hence, the assumed velocity would have 
5.28; the area, 710; the discharge, 1 587 


ae If, instead of taking an assumed datum area, the observed area, 


ay = 


namely 253 774 (mean of 9 9 day ys), had been taken, the observed mean 


depth, 73.3; ; the obser vel ‘slope, 0.0000655, and the observed velocity, 
625, a coefficient of 81.2 would have been ‘obtained, w vhich, at 53. 


should h have increased to about 84.5. . This should have given avelocity 
° of 6.00, an area of 266 558, and a discharge of 1 599 348. The observed 


slope y was a little gre: ater than the normal for the : stage, , on 


erevasses below Greenville, which k lowered the water line at that place 


‘more than at Arkansas City. 


As Humphreys and Abbot would say eement ould | ; 


and Ab d sé 
be. desired, and bad is possible that the use of local cosficients may 


be found serviceable for purposes of approximation or even of ac- 


curacy. - It would be very rash, however, to come to such a — 


= further and much more extensive trial. It will appear pi <i 


ently that there must be separate series of coefficients for 


place, which will be subject to tov variation by any change in in the location 


pea 
cross-section or any considerable modification of its 


i — are e hasty generalizations 1 more unw ise, ‘and nowhere are the 


more > frequently brought tc to grief, then on the the ‘Mississippi. ae: 
Increase of Coefficient Due to to Shape o Section. —It has been niieiied 


ot one cause of the i increase of the coefficient with i increasing gauge 


_ height i is the > deep and narrow conformation of the cross-section. | 
is this cause ‘that all others are as nothing in 


of taking the discharge section at Arkansas City, 


would have been had that moved in an inverse sense, and decreased 


es as the river rose. As this As this is an important and interesting phenom-— - 


enon, afew examples may | be given. The dimensions of the tw sectio 8 


7 i are taken from the s surveys s of 1882, and the p plottings ‘made therefrom 
7 are shown in Fig. 21 21, " s there are no means of ascertaining the 
changes that occurred from ‘day to > day, it will ‘be assumed that the 


-. bed of the river underwent no 0 change ‘during the alternation of h righ | 


water and low water. W change toc took place would affect the 


“figures only, not the reas ing. The slopes were taken from the mean 
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results. of | the | obs ; i 1884-85; the discharges from n the 


discharge of several years. For the wide and narrow 
respectiv vely the: following results are found: 


cal Discharge 
velocities, Cubic feet. 


J 


and 


a 


* In taking the mean depths at low water in the wide section, only the principal part of 
section was considered, the isolated being left out of 
+The mean depth is here actually less than a stage 10 ft. lower, because inthe mean- | 
time the river has spread overabar1500ft.wide, 

a + The surveys were made at this stage, which corresponds nearly to “ bank-full.” _ 


Section of Uniform m Coefficient. — —From these examples it is evident 
“that the commonly ides, on so many have been 


| 


or with 1mean depth, is nota law at all, ‘bat i in part, at least, a peculiarity 


attached to narrow sections. A section may be imagined, sort of 


mean bety ween these e two types, in which the coefficient should remain 


uniform at all stages from the highest to the lowest. it is indeed 
_* - possible to construct such a section; it has been done, approximately, 


in Fig. 27. Itis is evid ident that such a secti tion may be cone ceived as ¢ exist- 

ing at any point in the. reach soder consideration, and that if it so 

“existed, the discharges would at the velocities corresponding to 


those given by the formula : v= 100 vrs, and at the stages indicated 


. meant — 

; — 
— ‘of 1884....| | and | 0.000875 ans 4.99 

and | 0.000089 | ar — 
198 400 | 62.7 and | 820000 | and | and 
| 
6.6 0.000095 | and’ | 1480 000 | and | ima 
250) 11.6 0.000064 | and | 1687000 | and and 
he — 
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‘the ‘margin, ‘This imaginar y section in 


x able supposition that at 53.3 ft., for example, the s same » relation would a ; 


exist thet has prevailed the stage of 30 to o that of 50; ; that: 
ee depth of the i imaginary - section would be 54.5 5, the slo 

0.00 0000635, , that the v velocity would hence be 5.86, the aren 3 272 600 and als 4 


the dise harge about: 1 603 000. Iti is very probable, indeed, that these 
vould nearly represent the actual area area, velocity and di discharge 4 ; 


rkansas City section. The neutral section, or section of con- 
WIDTH. D= )=MEAN DEPTH, A=AREA 
vV=VELOCITY, BOTH THEORETICAL AND ACTUAL, S=SLOPE, Q= DISCHARGE Le 
“THOUSANDS OF FEET. 


WIDTH 5080, D 50.8, A=257600 5.63, S=0.9000625, O= =1450_ 


=5050, D=43.5, A=219000, =5,10,S=600,Q=1120 


5020, D= 36.1, A=181700, U=4.53, S=570, Q=820 


sections, 
nd i is thesene such a as would be reached at the top of a | great at rise, 
prolonged suffici iently to bring about an equaliza- 


s. Indeed, the neutral section is not far from being about 


can section of the rive 
‘or the present purpose, it is hardly worth w hile to construct such | 


a section with the last degree of a accuracy The shape of the section 
will depend on the values given { the discharges at different stages, and 


if such values | are regarded as satisfactorily determined, higher values 


_ may be obtained by ¢ arrangi ng the known values in a series — deter- 


3 


= 
Z 
— 
4 
the 
il 
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w of their progression, as has already been done, 


thine is tee al disadvantage ‘of having 1 no ‘continuous .¢ 


yservations extending over low as as W well as as high stages. If an 1 attempt ns 


made to missing di data at the lowe1 er end | of the inl 
ry to the gauge Wilson’s Point (or rather 


= _ Take Prov idence) at those times, there will be no longer t the check 


which would have aiforded by a series of ependent observa- 


7 tions, and th e results will be substantially. identical with those just — 


rather 8 10. 4 miles below Lake Pr rovidence, which are. 


“taken at Wilson's ’s Point, wi hich are are referred t to the sa same The 


Landing observations, however, are of little. av vail, because all 


ar ising ing from crevasses sand return flows aw a wonder tal manner. Only: 

about half of the discharge of the river was retained in the channel | 

att that point. The only records whic hold out any promise of use-— 


fulness are of 1893, and they a very limited range. 


A datum area 0 of 210 000 n may be at 41.8 on the 


without 
lable — 
4 
— iim 
if 
—— TOT — 
—. 
— 
@ 
at all acccedent, and exhibit discrepancies — 


- there is no apparent reason for them 9 For instance, + when the river 


a —~ stationary for several deys, and there is no material change of ‘slope, 


‘them recorded discharge fluctuates between 972 000 and 980 000, and the 
reduced velocity. between 5.48 and 5.23. Under these circumstances 
it was s thought best to divide the observations into > romps: and take 
the means. The result of this | proceeding is shown in Fig. 28. The 

- ove velocities” are best re represented by a straight line, w hich, being pro- 


Wy longed, cuts the line of 42. S (whic hi is supposed to be about bo vee 
to 3 at City ) at 6.82. This velocity, Ww ith ‘thes area of 
*. 216 | 580, | gives a discharge o of about 1 459 000. 00, At 45 45. 7, which may be a 
wapposed to hee! shout equiv alent to 53.3 at 3 at Arkansas City, the velocity 
~~ will be 7 7.3; the ar area, 225 100; ‘and the discharge, ‘about 1 643 000. hs The 


p> * observations, however, are too: few and their range too small to reason 


from them with confidence for | ‘any y considerable interval. It is not 
that 45.7 at Lake Providence would be the ‘equiv valent of 53.3 at 
= | Arkansas City, 1 for the gauge relations of the two differ Ww eed at dif- 


ferent ‘stages, and are e not at all consistent. 
On the whole, the “discharge which Arkans ‘ity and 
Wilson’s Point i in 1884-85 at a stage of 41.7 on the gauge at the former 


place and 34.7 at the latter, was about 1 086 000 ft. ns second ; in 
1893, at 50. 0.3 and 42.8* respecti ively, about 1 460 1000. Ata a stage of 


3 and 45.1 7, or w hatever i is ite equival eaaeatie at t Lake Providence, there 


“conditions wh hich prev at stages ¢ ov over bank: full w w vould 


DISCHARGE. 


It now remains to or to determine the maximum discharge 


of the 1 river, and | the heights — which it would have attained at the 
"principal stations had it been confined. For this purpose there a 


available the observations of 1882, Paducah, Columbus, 


Helena, ‘Hays’ 8 Landing a and Red River Landing, and the e high-wate 
dise harges of the years 1890, 1891, 1892 1893. Measurements were 


a made in 1882, 1883 and 1884 of the discharge over banks and through 
_ erevasses, and crevasse measurements have been made during each of 


“ Pos * The highest point actually reached was 41.8. "Allowance i here made for the effect of 
crevasses, though the determination is not very — : 


a 
— 

, 
— 
— 
— 
— — 
— ‘Operate so as to mcrease the discharge Dy amotceabie amount, per- 
haps as much as 50 000 

«4O«FF 

— 
— 

— 


—— 


“the: years wal flood. observations of 1882, the only ones 
available ‘the Pp varpose f determining the maximum 

At Columbus. 1s. —At Columbus the length of the rod. at high 


generally 37 ft. The mean depth at this stage was about 70 ft. the 


maximum about 100 ft. Francii is formula w aS applied it in in conser recting 
the: measurements, and this would give a ‘coefficient of reduction 


eurves of vertic val veloc ‘ty at high v the proper 3 ratio would be 
0.91. Now the highest | observed discharge was 1 603 215, ona 
rising river, at a stage 1. 5 lees than the maximum. A few days a 
after a a , fall had set in, a a discharge 0 of 1 558 3: 23 was , recorded, ata stage 
only 0.17 less than the “maximum. The slopes in were 
(0. 0000895, >, 0.0000960 and 0.000091: 3, so there seems to be no reason why 
first discharge s should have been i in excess of the 1 last. 
‘ the discharge ¢ curve is plotted, it will be found that the data 


th e ascending branch are very few (see Fi Fig. 29). 


— 

— 

me. 

if 

ima 

4 

— 
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and afford the means of ‘determining 
with reasonable accuracy. Here, as sat Helena, » later, the means of the 


? observations near the same stage, ona falling river, have been taken. - | 


It is a little flatter ‘than. the Arkansas ( City curve. , 1e low- -water part 


of the curve seems to follow a different law of progression from that a 
of the high- -water part, a occurrence; and above the ov erflow” 


line, which is fixed by the observers at 95 ft. on the gau gauge, there is 


a different law, from causes which are now clear. 


The : series of values found for the br anch * the ¢ curve pursued after 


auge. 8C. rst erence, econ ifference, 
Disch Diff Second Diff 


130000 


q 


Above 95, a well determined series of measurem ents giv es the 


-erease of discharge from the stage of 100 wort 18 as about 


stage rea from . January 25th to February éth, it will be 


_ found that a gauge reading of 99.96 corresponded toa discharge ofabout — 


1.394.000. this. rate, the discharge at the highest point reac ened 


ra 102.8, should be about | 1573 3 000. — Thi is value d depends, of cour 


of the determinations. If the er rors | in them are merely 
ty! 


‘in the nature of fluctuations, probably they will be corrected by us wing 
om means, as has been: done. ‘If th the quantities are all too ) large o or too 


small, owing | common of the result \ will be affected 


‘Ity estimated that a consider able of water escaped over 
banks, and did e e channel at call. 


ari) 
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“crept and the matter is so surrounded 1 ry yy complications, that: it ot 


dise ore conveniently i with ‘the subject of 


ce escapes we returns from reservoirs 


eta 


inte. 
- i It is now in order to see how these conclusions tally w ith others, 
made at different: times and with m 


of 1892 and 1893, high- ome discharges were re taken “ Columbus, and 
: in the latter year | at New | “Madrid also. In 1892, the Cairo gi gauge 


reached 48.3, and in 1893, 49, 8, respectively 3 3.6 and 2.6 ft. les 


2, the mean for the five highest pom 8 was 


gauge sinaiidiia for the : same time was 43.0 on the Belmont gauge, pone 
tol 0 101.0 0 on the old Columbus gauge, In 1608 1893, the mean of nine days : 


— 149 493 507, for a gauge height of 43.7 at Belmont, and of 49.2 * 
Cairo. At New: Madrid, the e discharge for a mean of sev _ ‘days, was 


14 474 048, ‘The observatio ations: at Columbus were taken with double 


“floats at mid- and are, “no too large. Even at 


- Madrid the sa same remark may hold good. ‘The | estimate of the dis 


_- given above is the mean of the meter ater the float obser vations. 


The meter was placed at 0.6 depth and the floats (double) at mid- deptl : 
and no correction was applied for either. “s The velocities found 1 


floats, _ however, were . almost uniformly the smaller of the two. . 


a height equal to that attained in 1882, namely, 44,8 the 


Belmont gauge, discharge no doubt have been a about 


1 558 485, taken w ith the meter. ‘There is ¢ observa ation showi ing 


: discharge a little greater than this, taken a few days later, but it was © 


made with rod floats, » and onal ar en was interpolated, T The correction, — 
by Francis’s formula, if the rods were of the same length as ‘those 


used at Columbus, would be 0.95, the proper | correction, accot ing 
the eurves of vertical velocity, 0. 93. = 
re It is doubtful, then, from the 1 record, Ww whether 20 gr great a discharge 
3 as 1 550 000 passed. In 1893, at an average stage of 47. 8, a mean dis- 
- charge of 1 527 501 is recorded.* The stage r reached i in 1882 was only 


2. There y were some howev rer, that indicate the p pos- 
sibility of increased ‘discharge at ‘Helena, even at a lower stage. 


on th same 


¥ 
> 
a — 
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‘STARL ING on DISCHARGE OF THE MISSISSIPPI. 
Ww thin 20 miles below Helena, there were several considerable ecre- 
; al asses, discharging some 150 000 cu. ft. per second, which ‘must have 


lowe ered the water line a good deal, , while giving an increased slo ope. It 


‘is perfectly possible, then, that the recorded inthe rge was genuine. 
sy Even i in 1893, the leve ees of the W hite River basin extended 0 on ly y about 
23 miles b below Helena, and there was a gap 0 


is not to to be doubted that an important influen 


that ‘station thus produced. 


_ There i is also a record of a discharge of about 1 310 000, me a stage 


of 45.7. . Thata a discharge of 200 000 ft. more should be passed at a an 


ditional h he of 2 ft. a great d ‘disturbance of the 


Influence of Suint Fr -ancis Basin. —The of the vast 

front of the Saint Francis Basin on the discharge and on the gauge 
“a height at ‘Helena and at points below i is indeed a question which is not ae 


well understood, and upon which 0] opinions have been divided. it se 
ves reasoned out on var rious lines. It was for a long time maintained — 
by levee engineers, and by the author among others, that the effect of 


: leaving: the front of this great reservoir « open was rather to i increase the 
- eiecberge om and the height of of the flood line at the foot of the be basin. The 


argument support of view ran somewhat thus: Given a tiv ver 
7 
closed by lev vees, on the ¢ one side of which i is: a great basin like that of 


the Saint Given the greatest | can be by 


those levees. 


of 1500 000 ft. let a be made in the leven bordering 


reservoir. A v olume, say of 300 000 cu. ft. per second is abstracted 
from the mass moving in the « channel, and the discharge is 
1 00 000. Then ‘the stream | is then duty. 


suddenly, as it is always returned, at a rate faster than that at w hich 
al was s withdrawn. Then, as the river was lately doing | less than its 
duty, s so now it will have to do more, and the discharg ge at the foot of 
the basin w ill be greater than it would have been had the levees re- 
mained unbroken. So likewi ise the flood height will be increased by 


reason of the additional discharge. a Not only So, but of the mass of 


=“ « water thus returned, a past has a low velocity and i is projected i into the 
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has s lately been attacked with much ability by Captain Townsend. * 


4 
These e engineers draw their arguments from the relations known to. 


ail between the « different gauges. For instance, | a comparison 


maile of the Osizo, and Hel lena gauges, care being taken select the 


3 of r rises or the ext treme low points of falls, so as to r 
identify t the cor respondi ng } points, and not be forced to apply a some- 


doubtful time inter rval. Iti is found that at all stages om 


4 to bank-full, there i is, on the whole, a striking parallelism betwe een een the — 


gauges, Helena being usually a little the higher. - The relation is some- _ 


variable, mainly | on the or duration of the he 


r iver, vt, wil beat abont 0. 0.5 5 ft. of Cairo. A At beyond 


bank-full, howev er, this ‘relation ceases. Cairo then becomes ‘the 
higher, at and this by a constantly increasing quantity with the 1 magni-— 
tude of the rise, >that i in 1882 it was 4.7 ft. Helena, In 1808 it 


a 


was only L4 ft. above. This remarkable ‘departure from previously 


existing relations i is ascribed by Captain Townsend to the e influ uence of _ 


the Saint F rancis Basin acting as a reservoir. od According to this view, 


‘saith abstracted from the — end of the basin i is s retained i in the 


reser voir 


This argument is is very forcible, and: it has t the merit of a oe 
on accurate and indisputable | data. Discharge observ vations and meas- 


” urements of flow over banks, ri crevasses and across points, are 
attended with many elements of error and uncertainty. 7 . Gauge pei: 


hower ever, may be kept with any desirable degree of ‘exactitude. ‘There 


are no gaps in them. 7 Errors, if there are any, are always subject to oO 

correction, and the relations between neighboring or even distant 
gauges maintain a considerable degree of c consist stency when allow: ance 


4 


is made for disturbing causes, such as duration of rise, effect of tribu- 


a * «* Report of the Mississippi River Oneniaiee for 1894,” p, 2967, et seq. 


§ DISCHARGE OF THE MISSISSIPPI. 
Es — gle, so that a rise of the water surface will 
| 
4 
— 
x , before it is returned. When it is returned, it is not in sufficient = =: - 
3 j quantity to raise the flood line to the height which it would have 4 roa 
— 


‘STARL ING ON DISCHARGE | OF THE MISSISSIPPI. 

consequence to w vhich this reasoning leads is that if the 
_ of the Saint Francis Basin were completely sealed by levees, the 


gauge at Helena, in long-continued floods, would oventéally attain 


at least equal to that reached at Cairo. 


‘Captain Townsend does not attribute the 4 


RR 


developed i in the study of tue lens discharges point t to the same 
lusion. If the. dischare: ges can ‘be ‘relied a all, the e quantity of 
SB water passed at Helena i in 1893, was about out equal to that which passed 7 
Columbus Bow Madrid, i increased by the discharge of the Geist 
Francis River, which was was at a low or medium “stage. was 
. - _ the height, then, and not th the discharge, which was affected i in this year. 


Return Fi Water. —The manner of the return the: flood water 


ia 
q 
of it to the condition of the White Ri 
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4 from the Saint Fra ancis Basin may best be studied by fering to the 


 Sunfiow er r Landing, 46.2 below, and of of White River, 
91.7 miles below. vr It will be seen that the Helena gauge moved along, 
4 —_ parallel with that of Memphis, until the river reached its height — 5 
at the latter place and had even begun to fall, when, about May 19th, , at by 
‘Helene, a rapid upw ard movement bagen the of 0.5 ft. per day. : 


This rate prevailed for about aw jeek. The rise fron om 1 May 17th to May 
25th was 3.3 3 ft. The The gau 


uge Mhoon’s Landing sympathized with 
this s movement, either because the return flow began so high 7 or 


from the e effect of the back water. From the appearance of the hydro- 


"4 graph it t was probably the latter. The discharge increased, during the 


time, from about 1300 000 to than: 1 500 000. This isa greater 


gate « of increase than is usual, even at such high stages, and p points | to. 
extraordinary causes. The most prominent of these is the “great 


 inerease of slope produced, fi first, by the sharp ‘elevation of the water 


= surface at Helena, and ‘second, by the lowering of the wat ter ‘surfa 1ce 


below by the gap i in Arkansas lovers as an outlet or 


este weir. 


adjacent, gauges s below. ‘Sunflower Landing, the ne next gauges station 
below, is directly opposite a part of the gap, and the r relations between 


* 3 the Helena and the Sunflower gauges represent more closely than usual 


‘the local conditions. Assuming a fixed datum area ot 290 000, the 


Assumed Assumed 


Mayit...| 44.6 | 2085 | «8 | 0.000738 6.45 5.49 
4 0.0000816 6.95 5 99 


e 117.5 and 116.5. ‘slope 
and are given as 0. 0000648 ax 0.0000836 r spectively. 


Height to be Attained at Helena. the height v 


would have ) attained if f there had been x no rene: eee above 7 


“be by: extending to high stag yes the a analogies at 


| 
x 
a 
— 

— 

q 

a 
ta 

— 

— 
q 
7 — 

— 


d records of the y 
™ waterup. 


in 1884-85 at 


City. is assumed that the mov red near! y 


e or to the esconding, as ‘usual; the law of the ; progression of the 
* ‘discharge will be found even n from these imperfe t data. ‘The abso- 
lute quantity - the discharge, however, will not be be obtained. It 


nny be considerably more re than that indicated by the descending ser series, 


: 
dower part of the curve ve followed a somew hat different law of Progres- 
sion from that which gov governed the upper | part. ; This i is found also to’ 


be the case at Helena and at Arkansas C City. Iti is nothing more than 


might have been expected, when t the shape of the cross- -section of th ‘the 
_ river is ; considered, , and especially « of the wide sections which ‘appear 
to control the height of the water. Y Fig. 31 -Tepresents the A 
n of the wide reach above Helena, Here, as at Arkansas: ‘City, ata 
a - stage ah about 20 ft. below bank- full, or at a , reading of about 20 ft. on : 
; _ the gauge, so; the river spreads over an immense sand bar 1 500 ft. w ide at 


the latter and 4 000 w ide at Helena. iously to this time 


sth 


w and deep channel of nearly the : 
same me type ae as the discharge section Thee e is no reason W hy it should — 


follow the same law after this ‘On the contrary, the rate of 


— 
— 
of no use, for non observations of 1890, 1891, 189: ‘ 
, for none of them were taken at 92 and 1893 are 
itm of 1882 exhibit many dis 
a, 80 that it is > 
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depth of. the néw part of the s sec ction, the relatively rapid aug 
mentation of the velocity and the doubly rapid i increase of area, | The 


ta rate of increase, howev er, W ill be slow at first, on account of the oe 


4 velocity of the new w section for the first few oa after it has been cov- ae 


ered. it these things be : 80, ‘then the discharge e curve in such localities 


THOUSANDS OF CUBIC FEET 


| 


| Helena Discharge of J 1 88: —In the sonstenetion of the following: table, 


the observations made at nearly. similar s stages have been combined and 


the means taken. For | instance, all the ob observations taken between — 
and 39 ft. on a falling river, eight i in been weed for the 


3 "figure « of 916 500, given in the plot as corresponding to the mean stage 
ae ‘of 38. 6. As itis the object | to trace the descending branch of the eurve, 


none of the measurements made during the progress of a rise hove been 
used _ The table shows the p progression of the discharge in the desce 


Rh branch from low water to bank- full, and the extension of the s 


— 
— 
—— HT | | | | 
ane 
— 
— 
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4 on DISCHARGE oF THE MIS SISSIPPI. 
— relations to stages higher than have e ever been reached in a confined 


pet y of pi progression. it seems hardly worth w hile to tabulate them. — 


served porns within its banks. A At 41.6 on the gauge, 


mean of 12 consec cutive observations gives a discharge of 11 01 000 — 
eu. ft., which is co nsiderably in excess of what it should have been 


with the relations prevailing at that time. Probably this is attrib but- Ue a 


able to an escape yater below Helena. These measurements were 


7 taken after the flood, and there were several deep crevasses still run- 
ning at this stage which no doubt t operated to lower the water ‘surface oe 


at latter point. This, indeed, , is clearly indicated by the gauge at 
a Malone’s Landing, 49.2 miles below, ¥ which was nearly 2 ft. lower than r 


its ordinary relation to the Helena gauge would prescribe. 


It is s not nds to reason from taken at stage of 


- 30-40 ft. to s stages of 50 ft. or more, , without some facts to check u up on. 
i ‘From the nature of the case, there are no high- -water discharges a at 


“Helena are not affected by the v very causes which, it is sought 


— 
‘Fig. 32. It will } that at low stages they depart of 
32. It will be seen that at low stages they depart somewhat rom 
the of 128289 at hich staces they exhibit nearly the same) 
e 
In 1882, at stages above 40, there is exhibited a manifest tendency 
a 
a 
— 
— | 
— if 
|G 


LING ON DISCH ARGE | 7) T HE MISSISSIPPI 
that: at ¢ about 40.5 5, in 1885, a discharge o of 1 as 000 | passed as recorded, 
- then by the rule of progression ¥ which seems to prevail, there e should — 


564 of sbout 1 480 at a stage of 50. By the come 


‘about 51. A. is rec arge passed in 1893, at 


«47.9, indicating, so as this argument may be relied on, ‘that 


flood | line had been depressed by high- water influences 3.5 ft. - So far, 
‘then, Captain To Townsend’s conclusions are confirmed, and the he confine-_ 


“ment of the riv er by the closure of the Saint Francis and Ww hite Riv ver 


‘Basins will have t the « effect of augmenting ‘the gauge height at Helena. 
Ww ill this increased flood-height be propagated down the river, , and, pie 


if 80, how far and to what extent 2 The a answer to ain question wil 
in at least, on the importance of the White River er Basin 


t in affecting the water plane, 

of Witte Biever Basin.— Even at the date of this writing, 
7 oon isa gi gap in the line of levees of the White River Basin some ne 10° 
miles” in length, which, however, will be ¢ closed, no doubt, in two or 

7 _ three years, Tl This gap is sufficient to discharge aia 000 or or 300 000 cu. 63 
ft. per second at high water, and to depress | the flood plane in in its 
— Vicinity 3° ft. or or 80. * Such a a steepening of of the slope at Helena must 


have a very ry considerable influence on velocity at the lat latter point, 


“and consequently on the flood height. It is not impossible that a 
Great part of the effect usually attributed to: the Saint Francis Basin» + 
be more properly due to the outlets below ‘Helena. It" is well: 
known that the outlets below Arkansas City, in 1886 and 1887 | had a 
4 notable: effect in lowering the the high- water line at that place. In 1887 


discharge as ‘mean of 1 440 000 cu. ft. assed Arkansas 


at a height of 46.6 ft. Such a ‘discharge co corresponds 
to a height of nearly 50 0 ft. 


The v water which is poured over ‘the bank the 


through channel of V Ww White itself, if that stream be not very 


7- —«‘Ttit be i in a state e of extreme flood, a a part rt of its ‘discharge is '; 
transferred to the foot of the basin by overflow, , and enters the Missis- _ . 
sippi along the line of ‘the Cypress Creek lev ee. As the basin is only -s 


rt one. sixth the size of the Saint Francis Basin, its s effect is small com- Ere 


be if the stream were entirely confined, as 2.7 ft., above the actual flood line in some 


Captain Roessler estimates the “ potential high-water line,’’ or water line as it 


ag 
im 
im 
i 
fa 
‘ 
ig — 
im 
if 
3 
if 


TARLING on DISCHARGE OF THE MISSISSIP 
oo. pared to that immense territory, though still of great RE in 


Sk was seen that the discharge at Columbus in 1882 was ‘probably 5 


if - 1 600 000 eu. ft. or more, including the volume which poe in he 


SW vamp. Now the discharg ge w hich Helena w was only 1 1500 000 
a 4 ft. or so. 
back in in the | Saint Francis Basin 2 4 ie does not. The levees of the 
aD 8 Ge upper er part of the Yazoo Basin, from the hills below Memphis to 


Glendale, opposite Helena, were in a ruinous condition, and the 


« volume of water which poured over them was estimated in 1882, ond = 
again under circumstance es almost “precisely ‘similar 1883, at 
ae 290 000 cu. ft. per second. 7 As has been stated, these measurements — 


a are ateny ays excessive ; but allowing only half of of the above estimate, it 
will account, not only, for the 100 000 cx. ft. of difference “between 


ambus and but also f for the dise of the Saint Francis 


probable, that in a confined river, 
7 


would rise to a height on ‘the Helena | ‘gauge ge equal to « or greater er than 7 


attained at Cairo, w hat w would n now ow be the altitude which that 
) . ers of the river would reach ? F or oven at Cairo the rive! er is not 


closely restrained. There is isa considerable flow over the bank at Bird’ 
‘Point, in Missouri, just opposite, which was was measured in 1883. ‘and 
Feported at 21¢ 216 000 cu. ft. per second. Itmay reasonably be supposed 


« that such a loss of volume as this w would have a material effect on the 


“water line, and indeed it has been maintained that it would aul 
it 2 ft. or more. 


Water Escape Below Cairo. in 1883 the river attained a Migher 
- point at Cairo than in 1882 or in ‘any other yea year, | before or since. ox — 
records for the three remarkable seasons of 1882, 1883 and 1884, being 


_ the means for six successive days, “= ‘B1.55 ft., 52. 03 ft. onl 51. 12 ft. a 

The measurement of the flow ac across ; Bird’s Point in 1883 was taken at * 


a stage of 52. .08 ft... 80 it fairly represents the maximum. Of this 


"volume 111 000 eu. ft. per second were returned within 8 miles below a 
Cairo, and 37 000 cu. ft. more at about 13 or 14 ‘miles below; but there 
_ a was reported a great outflow in the bend below the latter point, esti- 


at more than 300 000 cu. ft. most of which was again 
about Columbus; but the give a large net escape untilNev 


if 
a 
il 
— at 
— Cairo ?—If it be true, as seems 
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STARLING OF ‘THE mE 
’ 
4 Madrid was re ‘reached, w hen it all or nearly all all came b back int into the main ot 


Discharge Across Points.” The discharge water 
4 
“points,” peninsulas unprotected by levees, and the return of t the 


ame wi iter i in the bends below, sometimes reaches enormous propor- 


tions. These great movements have not often been carefully esti- 
mated. ee They were roughly measured in 1883, in the the hydrographic re 
the Saint Francis front for the purpose of estimating 
the water escape e of that year, and they seem ‘sometimes have’ at- 


_ ~ tained the astonishing figures of 300 000 or 400 00 000 cu. ft. per: second. 


‘In 1893, ‘the discharges acro “Ashbrook’s Point and Carter’ 's Poi 
sane by Captain . Townsend and found to be (at the highest 


tage) about 200 000 and 300 000 cu. ft. . respectively. [- 


Distur ances of Level. would seem that. the transference of these 


enormous masses of water could not take xe place without serious us disturb- 
ces of level. x Thea abstraction of 200 000 cu. ft. of water per s second 
"permanently would reduce the water level at the point where it 
red at least 2 or 3 ft. , and the injection into a stream of as much 


_ water from a tributary sh should raise it by a like amount. It is easily 


seen, however, that where the outlet and the poleaee inlet are only 10 or . 
12 miles “apar t, such process are incompatible 1 with one ano 
The whole fall of the river in 14 miles, in the neighborhood of Carter’s a. 


Point, is only | about 4 ft. , and the river r would thes be reduced to ane 


pond. such eno The slope is dis 


“sibility, In 1893 the difference eof w ater level. betwee een upper 
“the lower sides of Carter’s Point at high water, when the movement of | 
cu. ft. per second took place across th the peninsula, wae: 4.4 ft. 

a ima distance of 15.5 > miles, or 0. 84 | ft. to the mile, a good deal Jess 
the normal for the whole reach, which is 0.34, and 


ingt to > a disturbance of level of 0.85 for the 15.5 miles; provided, in- 


ews it could be proved that the normal relation would have existed in ; 
this] particular } portion of the reach. — 4 This cannot be assumed without 
direct evidence. In a smaller flood, 1891, however, the relation wa 

ft. for the san ance, or a slope « of 0.342 to t the mile, namely 


“about the normal. : en was a considerable dise harge a across the point 


ee = of ti the Mississippi R Rive ommission for 1884, pp. 2628 et seq. 
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“STARL ING ON DISOH ARGE OF T [SSISSIPPI, 


ee an by the combined influence of the outflow and inflow was about 1 


oft. _ By th the time me Greenville was reached, 4 miles below, the ‘Slope ha had 


‘been and even a little the fall i the 4 miles be being 2 2.4 ft. 


Back Water. —The y phenomenon of the 1 rising of the water surface 
os a on the lower side of overflowed ‘ points ” in great as compared with 


ya =. 4 small floods: has been observed by lev ee ees, and allowance is 
or should be made for it in , establishing grades. The means by w hich 
7 _ the slope is so ) adjusted as to carry the daha is what is com- 


monly known as ‘‘ back water” MARCH. 1.1882 
is, the effect of the ingurgi- 


ttt GREENVILLE | 
lower side is to raise the water ways 


the v clocity above, and “ 


hence to increase ‘the cross-sec-  |_ 


45 
tion, and this t to a considerable 
distance. W ithout discussing he Bawa war CH. 1884 


a general question. of back water, anak 


whic hl has been made the — 38 


presented by recent floods in ‘the , 


Mississippi. example bas | 
been given already on page 471, 


in the effect of the return flow at ees Fic. 33. ae ae 


Helena ‘upon the gauge Mhoon’s lanting, 29.7. tiles above. 


Still more illustrations were afforded in 1882 and by 


3 will be evident by inspection of the oe Pig 


been falling at Hays ‘s Landing on on March 18th, 1884, had it not bias 


for the return wave at Vicksburg, t the influence of which not only z ‘ 


: kept it from falling, wis raised it about 1 1 ft. oe The ourve of 1882 was 


somewhat affected by iocal conditions. — Especially, the sudden fall at 
Hays’ 8 Landing on March 21st and ‘at Vicksburg on March 22d 
ev asses which occurred on the former day, some An 


— 

4 
a 

— 

on The effect of this tremendous eng 
partially leveed. The effect of 
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STARLING DISCHARGE OF THE MISSISSIPPI. 


10 miles below Hays's. As the gauges Greenville ond at Hays’ 
generally move nearly ‘parallel, it is to be inferred that, instead of : 
- ‘rising 1 ft. in 1884, the river would have fallen about 1.5 up to | 


ft. u 


- March 25th, had it. not been for the back water, a The effect of the a 


atter has been, then, en, to raise the water ‘surface at Hays’s about 2.5 ft. 7 
The relation between the Vicksburg geuge and that at Greenville — 
is not so well established. -. It is affected by the stage of the e Yazoo 
River and by other causes, but it is safe to infer the | gauge 
reading at Vicksburg, from the discharge which Greenville in 
the channel, Ww vould not have exceeded 44 ft. was a rise, there- 
‘fore, from the return flow o (5 ft. 
OF 


half of this effect was produced: 45 smiles upt viv er. An effect of 2 ft. 
was at Lake Prov 57 miles above icksburg. g, and it 


ever, that the greater part of discharged, ‘not 


exactly at ‘Vicksburg, but near the mouth of the Yazoo, 10 1 miles 7 


Effect Outlets and Inlets Below Cairo.—The effect produced at 
Cairo by the flow across Bird’s Point for a few d day 87 would not have 7 


been much had the water to the channel remained there. 
it was, the great outlets in Lucas Bend, 15 miles below, the water Pn ‘ 


which was part sally 21 miles below Cairo, and 


the most of the re o 45 below Cairo, must have 


some mi 1easure offs below Bird’s Point. 
As to oe quantity di diecha ed over the latter point, ‘there is room 
much ¢ doubt. ‘The s same observer, in 1882 2, at stage 4, ft. less, 


found the bank of Bird’ Point ex xposed, no ) escape at all from 


/Commeree, i in Missouri, a point miles below Cairo. Itseems 
: hardly credible, therefore, that the Point . should have been over flow ed 


for: a distance of 2 2 or 33 miles, toa dep th varying from from 9.5 5 to 11 ft.. , eve 


oa at the highest stage of 1883. From the very crude methods employed, 
the results can hardly be accepted even as approximations. imi 


The slope” Cairo-New in was 0.369 to the mile; in 

1883, 0. 370 ; (gauge at 44. 60 ft. ), 0. 358 ; in 1893, 0. 358. 

Therefore the g gauge height at Cairo i in ) 1888 ong not diminished below 


In 1882 the New Madrid 7 


— 
4 
— 
4 
ig 
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— 
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| Report of the Mississippi River Commission for 1884,” page 2597. 4 


was e 
ence of 10.38 ft. 1883 the | ‘gauges were 52.17 ft. and 41.74 ft., 


4 difference al 10.1 43 ft. 7 In 1884 the figures were 51.79 ft. —41.50 ft. = 
10. 29 ft.; in 1880 they were 44.60 ft IN GAUGE READINGS 
> 84 70 ft. = 9. 90 ft.; in 1886, 50. .98 ft. 
40,88 ft. = 10.6 1892, 48.3 ft.— 
87.7 ft. = = 10.6 ft.; in 1893, 49.3 8ft.— 38.7 


is chosen as 
ft: = 10. 6 ft. "New Madrid is chosen as 


the e standard of comparison because all 
of the water which enters 


io wes 51. 87 a a dif fer- 
a 


‘the § Gains Franci is Basin below Commerce 
returns” by the New Madrid ridge >and 


in the channel at New Madrid. 


The: relation between Cairo 


New Madrid g gauges is shown in Fig. 34. 


The diffe ence bet we the creases 
1e differ ween incre 


with he height, but at high stages it seems ne 


“nearly uniform. In 1892 and 1893 there 


tens between the two gi gauges = 


a in the a great floods of 1688 , 1883 and 


1884 as in “1892 end 1893 leads to the 


inference that there was no extraordinary 


was a similar disturbance at New w Madrid 


disturbance a at Cairo, unless = 
Now, the loss of volume below New 


Madrid, either in 1882 or 1883, not 


There was no great out- 


flow, even as shown by the observations c 
of 1088, for about miles 


There is re reporte 
om rom 


between the Cairo and New Madrid g gauges is galiaee: not far = 


a the truth. . This relation would give f for a confined ri river, in 1882, 
‘gauge height at Cairo of 52 


* Deduced from the high-water observations of 1882. The gauge here mentioned is, in 
strictness, the Morrison’s Landing gauge, which is 1.3 miles above New Madrid. Lately (1893) 
3 _ new gauge bas been set up at New Madrid proper, and the Morrison's Landing gauge dis- 
; 38. 7 on the latter to 38.1 on former. 
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Bratt Il, Indeed, a great inflow just above it; 
4 but Witnou outlet below, there should have been 
— 
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ON DISCHARGE 


dows over the banks in 1883 seem excessive fr om of view. 
Tt was seen that i in 1882 the quantity of water x reported as passing at 


Columbus ox outside of the channel 1 was about 86 000 eu. ft. a In 
is repent ted 300 000 ecu. ft. or more. The difference in the mean 

- readings at Cairo was 0.5 ft. ‘The reading at New Madrid w was 


‘Basin the Saint Francis The gauge at Helens was 
we 
0. 3 ft. Therefore the discharge could not have been onsiderably 
greater in in 1 1883. ‘Therefore estimate of 1882 was too or 


25 higher. Very nes nearly the same ‘conditione prevailed in the Yazoo- 


New Madrid in 1893, it will be : found the at a miporaton of 41.5 ft. on the 


4 


- Morrison’ s Landing gauge (40. 9 ft. on the present New ‘Madrid gauge) 


“corresponds tc to a dischar ge of about 1 600 000 eu. is therefore 
fair to infer that this was about the actual discharge whic which passed — 


Cairo i in 1882, and that the gauge height a the latter point, if the river 


had been confined, would not have exceeded 52.5 ft 
Relations between Helena and Arkansas City.— —At Helena, according 


‘to Captain Tow nsend’ s reasoning t the height would hav, have been a little 
greater, about 53. ft. From the estimate given on page 475, a avery 


‘Similar lar conclusion is drawn. . Now, what will this correspond to at 


Arkansas with the W White and Arkansas. Rivers and at 


It is very difficult to eliminate from the evidence the effe t t of i 


discharge from the tributaries ss. Taking o only well: 


“high stages respectiv rely ? 


longed fi flood waves, and using the a’ ges for several days, ‘it will be 


found that for low stages of the White and Arkansas Rivers, the 
Arkansas City gauge usually stands _— 04 ft. or 0.5 ft. above 


or in fact nearly equal to the Helens 


in great flood, Arkansas ‘ity has known to as much as 4. 


the higher. At the s same time, it wes 3.9 ft. higher er than Helena. This —_ 


was i in May, 1885, when the Mississippi was at a stage less than bank- 
full. - Generally, at high stages, but witha confined river, it may be said 


} tha that, with equal discharges, Arkansas" City s stands a little higher than 
s Cairo. In 1893, for instance, with a discharge of about 1 45 
ft at: Cairo, the gauge » stood at at “about 49.25 ft. for seven days. Ps 
sas City, for a like discharge, it stood at 50.0 ft. LS _ 
fr om the ‘hite and Ar kansas Rivers. —Now, w hat would 


> be the effect u upon the ga gauge at the latter | place of a great flood onaall 


"ers 
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> 
im 
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| 
a the two tributaries—for they: nearly always come out spate Pa 
general the Upper waters ers of the Arkansas River contribu 
is 


the abundant rainfall upon the southern slope of the 


receive. their -prineipal increment. The hite te Rive er drains the 


northern slope 0 of same range; an ond the storms which produce a 
Francis. The flood of May, 1885, inst mentioned, 98, 60 ft. at 
Little Rock (engineers’ gauge)* * and 2 25.60— ft. at Jacksonport. . This 
should have corresponded toa discharge, as senmened, of about 330 000 


eu. ft. for the two rivers. - This and the increment from the Saint 


ty Frane is, whatever it may have been, raised the gauge at Arkansas sas City 


about 4.7 ft. ~The greatest flood which has oceurred since the time of 


accurate e observation, and one of the greatest ever known in these 

. eee rivers, took place in May, 1892. _ This flood reached 31.2 ft. at Little 


and. 80. 4 ft. at Jacksonport. ‘measured: discharge the 


former Place is giv en as 456 000. cu. ft., but this” is red to have 


4 
eu. In White River it was about 170 000 cu. The result of this 


- a _ addition to the discharge | of the main ‘river ‘should have been an i 


* crease of height pamened from the experience o of 1885) of about 6 
: at Arkansas City ove er Cai o. The r reading at the latter station was, 


for a six 48.0 ft. The height actanlly recorded 
a Arkansas City was 50 ft. _ ‘There was a loss « of water estimated a at 300 000 a 
+ eu. . ft. , per second around the end of the levee above . Arkansas City, 


ane there was a considerable crev asse 14 miles below that place, dis- — 


charging, it was said, about 80 000 cu. ft. 4 In 1893, the discharge from 
the tributaries, at the height of of the flood, may be estimated at 100 000 — 


he loss the end of Orpress Creek is given a 
97 000 cu. © s normal 


“ In 1882, ; at the crest of the 1e flood, the White River was discharging 2 
90 000 eu. 
about ) cu. ft. and the Arkansas a little less. 
At High Water, the Tr ibutaries Discharge I Through ae Basin.— 


It must n not be forgotten that the two great tributaries which empty — fies 


ss ‘Phere are no less than three gauges at Little Rock, and they are frequently confused, — 


_ above Arkansas City do not pour the whole of their discharge at high 
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ON DISCHARGE OF THE MI SI ISSIPPI. 


water direstly into the Mississippi, At times the bank is ove 
some places 15 ft. or 20 ft., an 

ie entiie White River Basin is converted into a lake of 1 000 square 


\ 


~ miles area, or, , including } portions of the valleys of the two rivers withi 


J the reach of back water, of 1200 ‘Square miles. - Through | this lake a 


part of the dine sharge of the two ers pours, the greater ‘Portion 
7 throug e mou 


h the mouth « of White River, the 1 rest ‘through the old mouth ¢ of 
he Ar kansas. Ac 


considerable fraction of the combined river dis-— 


‘charge and overflow water, however, goes to swell the volume of the — 
lake, and is. carried with a gentle eu current t to the foot of the basin, 


few miles: shave Arkansas City, where it is finally emptied into the 

- main river. The lake partially acts as a a regulating reservoir, ead a 
7 wy shar p discharge waves are modified by it. 7 


on of Dischar ge of Trib a 


_ increase of height at Arkansas City. over Helena of only 3. ins 
to be e examined. It has ‘been ‘seen that at high stages a about 50 


eu. ft. increase of discharge corresponds to 1 ft. increase of height. 


An addition of 330 000 cu. ft., therefore, should produce a difference ~ 
os een Helena and Arkansas City of 6.6 


= It has long been known n that the dis 


scharge of a the re- 
ception ofa a is lees than the combined of the two. 


~ 4 ‘the tributaries do not reach the main stream at the crest o of its” 


‘principal: rise; and second, the channels, a and, ‘still more, bees flood plain 


of the minor streams, w here such exist, have 


comparatively brief, are held back and distributed over several days. 
T 


he most formidable freshets of the W hite a and kansas Rivers, as 


capacity, by which the excessive d dise scharges— of the latter, always 


unis rains are sometimes ver} y heavy. In May, 1 1892, , at one me station 


12 ins. 


ssouri ane upper aa ssissippi in s 


done their v work i 


t k 
ter t n Ar rkansas. — 


= 
Pi 
— 
— 
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— 
if 
7 
— 
at 
general depth of rain on both slopes of the mountains was 
The cyclonic storms from which this precipitation proceeds now 
continue on their way to the up lev of _ 
— 


STARLING 0} 
Now the of me lower tribut aries reach their mouth 


~< or four days. x pine of the upp upper rivers do not get to the same poles 


cis Basin, for ‘three w weeks. the freshets 
= hite anc and Arkansas have done e their w orst before the main rise comes, 
and when it reaches their mouth, it finds them falling. Ae 
a In 1885, the Arkansas attained its maximum at Little Rock ¢ on m April 
«27th to 2th; the White River at Jacksonport on April 28th. The — a 
issippi reached its height | at Helena on May 4th, and the cent of Soe 
the rise reached ‘the joint mouth of the two tributari ies shout May 6th. — 


By that time, the minor rivers had fallen several feet, and their joint — 


‘Unfortanately, ‘no dis charges were taken at ‘Arkansas ‘City during 


e second “ee of 1885, in May, but reasoning ones inten a 
- ments: made during the | previous rise in January, the ; masses of water: | 
which passed the two places did not differ by “more than the above 


quantity. 1 The dis charge » at t Helena, at the climax of the May Ses, at 7 


cu. 
ft. ; and the Cit ity four days later, at a hei 


2.60 ft., should have been about 1140 1.000 eu. ft The difference be- 


en these quantities, or 190000 eu. ft. , should “represent, within 
4 pesity nee narrow limits, the addition to the volume of the flood between 


height of 3 


Little ree on May ast. 1 The W hite River touched 30. 4 ft. at Jack-— 


a sonport. Now the > Mississippi had ‘passed its maximum at Helena by 


_ three weeks this storm came, and had fallen 1.3 3 and the 


upon the Mississippi will not be equal to that due to the maximum dis- 


—_ of the tributary, unless the latter keep up fora month or so. 


Topogra of W ite River Basin. | is commonly known 
P iphy 
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if 
— a White River about June 16th, when it encountered the end of another 4 a 
rise, also of very formidable proportions. 
But though it should happen that the crest of the rise of the main = 

x s eet atr ary w s creates e effect 
— 

available for the impounding of the waters of the two tributa 
4 
tm while ix 
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5 in Ith, a and it overflows its banks very 


from ‘Pine Bluff down, 10 in The ¢ com- 


bined area of the basin: ‘proper and these outliers is about: 160, 


a square sailes. When the Mississippi is high, the entire basin | is 


4 failed, the main river or the tributaries, or both, the 


4 hen the Mississippi i is about ank-f full ona the | tributaries v very high, 


‘the latter. still overfiow their banks, especially WwW hite River, + which is 


a stream ¢ . of fla flat slope in its lower part. Of the main basin some parts | 


- very ry low, far below mean high wate on ben full of the Missis- ie 
and such are OV erflow ed in n all considerable freshets 


be 500 000 cu. and if this volume ii is supposed to o be poured into 


7 hite Rive er Basin, already o overflowed from the ma main ore yer, it will in- ai : 


“Mississippi is assumed to be increased at rate 50 000 ¢ ou. ft. 
for e each ; foot of rise, the e rise of 1.33 ft. will i increase the discharge by 


7 — about 66 500 cu. ft. in the first 24 hours, oF for the average of the day, 
a 33 250 cu. ft. This increased discharge will have the effect of low ering 


the water in the basin about 0.09 ft. The net rise in the basin in the 
first 24 hours will be 1.24 ft. 


On the ‘second “day there | will enter the basin 500 000 - ft. per 


as before, but there will leave the basin 62 000 cu. . ft. , making 
t gain 438 000 cu. ft. This will ine the basin ann 1. uw ft. 
_ more; but this rise will cause an additional discharge o ‘of 58 500 cu. ft. : 


fall of about | 0.08 it. net rise of the basin, 09 ; total “rise, 2.33 
‘Third day, net discharge into the basin, 383 500 cu. ou. ft.; rise, 1.02 ft. ; 


mean 000 cu. ft; fall, 0. vel ft. ; met 


or f for the average of of the second day, 29 2 250 cu. ft . This will 1 cause a 


gives the fourth day: Total rise, e, 4.11 ft. 5 fifth day, 4. 88 ft. 

day, 5 5.52 ft.; seventh day, 6 06 ‘ft. 4 On the ninth day the rise of the 

wor would be about 7 ft. ; on the twelfth | about 8 ft. on the seven-— 

~ teenth about 9 ft.; ;ina month, about 9.8 ft. 


| 
| 
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readil Clarendon, overflows at a stage of about 24 some vce 
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Riffect of the Basin as a Reser voir.—It the maximum discharge of the _ 
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DISCHARGE OF THE MISSISSIPPI. 


at an excessive height. Int the great flood of 1892, ‘the Arkansas + re- 
~ mained at an extreme stage « of 30 ft. or more at Little Rock for five 
days. extreme discharge of 400 000 cu. ft., or whatever it 
‘one ody: The stage of 30 ft. at ‘Tittle Rock seems to 
“spond toa discharge « of about 300 000 cu. ft. water: fell in two. 
more days to 28 1 ft., and in two more to 26 ft., . indicating discharges of — 
a 260 000 yeu. ft. ax and 2 2° 20 000 ou. ft. respectively. ah At Clarendon, the high 
age was maintained with. greater persistency from the effec t of back 
y water, but the discharge de decreased from the falling off of the supply — 
from s above, and, consequently, ‘the diminished slope. 
>a Now, the rapid decrease of the supply into the reservoir very ‘soon. 
equalizes the inflow and the outflow, and presently the latter becomes 
It must not be for gotten, however, that the tributaries sometimes 
remain for w eeks together at st stages yes much greater than the : ave mage: 
1890, W hite River remained for four months | at an “average “stage of 
about 26 ft. at was never below 21 ft. In such cases 
mum discharge which | has passed down the Mississippi i in a given ) year 


j at Helena, it will not be proper to take the maximum n discharge at oo 


Cairo and ad: to it the n 1aximum discharge of f the Saint Francis; and 
te Arkansas City, to increase this by the maximum eee of the 


peen 


4 


At Columbus. —A probable value for the Columbus 
found from the wanes anes ms of that y ear to » be 1 573 000 cu. ft. To thi 


the results. of | ‘the Columbus and New Madrid observations of 

1893, , quoted on page 467. B Besides this, there was an escape over the 

estimated at 000 cu. cu. ft Reasons hove re been give en for 


made fromt ew Madrid measurements of 1893, of 000 


—— 


— 
The freshets of | 

q 
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2 
q has always 3 | 
4 exaggerated. As it is a matter of great consequence to obtain 
cu. ft. for the total discharge of 1852 at Columbus, including wha 


“STARLING ON DI THE “MISSISS 


affir that the measurements of 1893, ‘checked at two | ‘made 
= with the best instrun nents, by experienced n men, and with the precau- a 


tions shown to be e necessary, and agreeing Ww ell together, t leis more- 
near extreme flood, are safe and trustw worthy sources of informa- 


t Arkansas City. —The W ae River was at a stage of 21. 8 ft. at 


| 


-Jacksonport ¥ when the crest of the rise “passed the mouths of the two 


yi ivers; the . Arkansas marked 15. 11 tt. at Little Rock, and both were sta- 


4 


a second in 1882 in 2 na confined river. 


is subject t to deductions from several causes. 
Deductions from Above Estimate.—The channel and flood plain of the 


 - tive river afford a considerable reservoir surface, to fill which will consume ; ; 


8 portion of the discharge. This © effect is particularly marked, as has 


. been observe ed by Humphreys and Abbot, * toward the e upper pa part of the 7 


4 alluvial 1 valley, y where the oscillations of f height : at the several gauge st sta- 


tions are sharper and more fr equent. The effect, however, is 
‘4 and the diminution of discharge continues as the river is descended. ms 
The extent of | ‘the 1 reservoir "influence will depend mainly o1 on the dura- 


bi 


“<4 to it by and Abbot, who, r reasoning from the 
foi of a short rise in 1858, estimated a regular loss of 140 000 cu. ft. of dis- 

charge between Cairo and Helena. Such a loss may occur where a 


_ heavy and sharp flood comes out on a low river and i is succeeded by a 


dostine, but had take place w when the channel is s already full 


‘Even under thes these circumstances, however, the reservoir ir influence 
ve ry perceptible. a At Columbus, in 1882, the high stage of 102. 8 ft. 

4) lasted only for a single day. In four the river had fallen to 

102. 1 ft., the discharge prosamably fr from 1 1 600 000 000 cu. 

the rise to: pass s from Columbus Helena. case of a con- 

: fined river, and assuming th the distance between levees when completed 7 

* 


to be the same as already exists between Arkansas City and W Wilson’s 


pats. on Report on the Physics and Hydraulics of the Mississippi River,” p87, 


— 
— 
— 
— 
tionary, atter having been much higher, t 18 ilkely, therefore, that = 
they contributed nearly their full discharge, which was probably about 
140 000 eu. ft. If 50 000 cu. ft. is added for the discharge of the Saint 
Francis, there will be about 1790000 cu. ft. for the volume which © 
4 
i 
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- Point, , namely, about 2.5 niles, the reservoir s space at high water be- 


n Columbus and will be oquare miles, or about 


ry (it varied ir om 
2 “102.6 621 it. to 102. 79 9 ft ‘To fill the basin a an | of f 0.5 ft. i in one 


day would take about 10 000 000 000 cu. ft. pe or in four days ys about 
500 000 000 | cu. ft. This is equivalent to about 28 900 cu u. ft. per 
- ‘second. This much of the discharge, therefore, will be consumed in 


filling the reservoir ‘during the p process of raising the 1 river “at Helena 


7 a _ ft., and the the discharge w which ‘passes Helena will be less than the ae 


 gharge which has passed Columbus by so much. a On the fi fifth day the 


will be reduced by the fall from above by about the same 


000 cu. ft. 


and accurate the at the tiv er are scarce, 
such unknown conditions, i it is possible unex] ected 
I 


very high is 
likely that flood heights at ‘such: will be diminished still further 


—No account has: been taken of 1 of th the discharge over or 


7 cso the ‘margin ¢ of the river on either side and the adjacent levee. 


sr. 4 The > average distance between levees, as has already been remarked, 
“from, m Arkansas City and W ilson’ 8 ‘Point, is about 2 ad miles, of which — 


space the river occupies nearly one-third. The levees are something 
1 12 ft. high, As_ the flood water geis deeper over these “*fore-- 
shores,” its velocity will increase rapidly. Even now, the « “over-bank 


= harge” is an element which must be taken into account in every set" 
er of high- water measurements. At Arkansas City, i in 1893, at the highest — 
stage, this was estimated at 9 000 cu. ft. and at W. ison’ Point it was 
over 30 000 eu. ft. Of course, the influe is € 
to the local space at each 


» 
4 
— 
a 
= h more. As an yuld have been nearly 30 000 
ing Helena in 1882, than passed Columbus. ed to 
— the same mode « ft., at Wilson’s Point t svery 
about ith confined waters a isturbed by crevasses and 
ag ed. That condition is us 
— 4 
— a 
— 
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often vely said, for the of. its section, namely, ‘that 


ance ance ought to b to be somewhat ¢ diminished. Iti is not easy to estimate 
ae curately the value of this. element, but it would pr robably be not very an 
great. eat. In the ordinary formula, the substitution of banks of water 


banks of earth for the upper 10 ft. of section, supposing 


the «water banks ” exert no ‘pesistance at all, would make a dif- 
ference of only about 0.02 ft. per second in the velocity, | or say 5 000— —_ 


_ Third. —It has been seen that it is possible for serious permanent — 


to occur in the bed of the: river, and that the Slope als: also. 


an undergoes modifications. | re ‘his is simply: means that the river is relatively 


at some points then it used to be, as" compared with the : stand- 


_ ard, Arkansas City. ra, The confinement of the river, ‘more or less « com- 

- plete, might be expected, indeed, to ‘pr oduce some effect 0 on the ‘hed. 

Ifa a deterioration of the latter was brought about by the loss of volume - 

_ over the banks, then it might reasonably be hoped that the r retention 

of the a: formerly lost by dispersion would have the effect of 

lowering the bottom in those. - places, : so as to conform more nearly x; 


the high-water slope, 


ery sanguine expectations have been entertained of the 


the ri river never has been completely restrained, it cannot be said that 


the experiment h hes yet been fairly tried. The ‘enlargement of cross- 


= 


to have L ce 
4 


1885. The section at Arkansas Ww ith all it its mutations, 
_ remains the same. The « discharge does not pass at a materially oe. 


height than “might have “predicted from the exp erience 0 j 


entertained have not been realized. 
Ss Revised Estimate.—Fo or all these c: causes, it seems reasonable to suy ) sup- 
‘pose the extreme 1 000 for Arkansas 


- previous years. ‘Bo far, in the part of the river considered, the the hop es 


action of the powerful high-w: ater forces. thus brought into ) play. AS 


4 levee and the river, but will depend on the general section or the con- 
trolling section, whatever it maybe. 
_ 
a. 
— 
<i 
; Pal Wilson Ss previously noticed, seems to have occurred ; 
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per more, ‘and that the n maximum actual discharge which w 


passed ina confined stream in that year ould have been not 
a greater than 1 1 735 000 eu. “ This would require, by the methods 


iously use used, a gauge height « of about 55.8 ft. 


It will be well t to compare the fioods of more recent years, wr, and 


there i is any rec cord, ,and ¢ it: was correct y ado 


In 1883, river its greatest height at Cairo. 


4 There was a consi iderable ‘flood in the Arkansas and White Rivers, but 
it did not coincide with the crest of the “main rise. | ‘The riv er below :: 
| 3 Arkansas City was at an unusually depressed stage w hen the rise began; 


Consequent 


— 


o the reservoir capacity of the ¢ channel was ve very grea 


“the ‘flood ware flattened out, and the gauge at Vicksburg was 5 ft. a 
than in 1882. 


The flood of 1884 was one of the greatest ever known. It It eat 


fairly be compared w with 1882 The gauge at Cairo and at w as 
nearly the same as in 1882. id At V icksburg it was 0.15 ft. higher. 3 No 


material had occurred in the o dise 


In 1886, there was a aon and vo rise which reached 51 1 ft. at at 


Cairo ‘and 48. 1 ft. at Helena, the: levees of the upper Yazoo Di 


n recently rebuilt. There were no serious freshets the 


ower than in 1882, 
was a grea at flood in 1890. Was not ver high at Cairo, 


only 48.8 ft., but it was very ong persistent, it was accom- 

; * panied by an unparalleled stage > of White River, which stood for four 
at a mean n height: of 26 ft. at d Jac ‘ksonport, the highest being 


he gres > greatest on record), and the low est 20 ft. The Arkansas 


was not 80 high 1, but was above ‘medium ‘stage most of the time. 
There: were two great | freshets of the tributaries, the former and 


greater of which ooccurr ed before the Mississippi pi had reached its 
= height. The s« second took. place i in 1 April, ‘after the main 1 rise, but dur- 
ing the later rise which succeeded the first, w hich was nearly as high. q 
‘The mean of twelve consecutive days at Helena gives a discharge of _ 
: om 1 470 000 00 cu. ft. (reduced) at an average “stage e of 47.24 ft., with | 
a 


a crevasse 19 miles above, dise en. The 


— 
" 
— 
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ING ON “DISCHARGE OF THE MISSISSIPPI. 


rt, 
- Arkansas and Wi hite Rivers a doubt added some 200 0 000 cu. ft. to 


- this volume, ‘making i in all about 1 700 000 cu. ft. ‘There were many 


in the. levees on both sides of the river. 


q 
flood of 1892 reached a height at Cairo o of 48. ft., and 


there only a a short time. yeai year. would not have been 


markable had it not been for the tremendous outpour of of the Arkansas, 
accompanied by a very high stage of the W hite River, shortly before 


alluded to, which made it extremely midable e, and would indeed 


have made it Gineatzous to the ad it not been for the 


of a » large part of the waters of the Arkansas around the head of the 


Tensas Basin sy stem. The discharge at Columbus giv ren as. about: 


1 380 000 cu. ft. for @ mean of wre days, but as the velocities were aN. 


taken at 0.6 depth, a correction should be applied, which, at 


would amount to 5%% or so o. At At Helena, f for six days, the 2 discharge ‘ 
is 1 000 ft., but the meter had not been rate 1 rated dur- 


ing the season, the results here and at Columbus cannot be re relied 0 on. a = 


seom ty to be free f the disturbing influences 9 w vhich had | ‘caused so 
‘consistent 
the measurements of the year. For a mean of ten 
days at the top of the flood, the discharge is - en as about 1 450 000 
ft.; corrected for 0.6 depth, by the factor habitually use used i in 189% 8 
at Arkansas City, about 1 425 000 cu. ft. The overflow around the 3 +4 
end of the levee and through breaks River was 
estimated at about 280 eu. ways too 


great. Doubtless total dise was between 1 


“The flood « of 1893 has been pretty thor oughly discussed. T The total 7 


‘discharge passing Arkansas City would no doubt have been about 


1 600 000 cu. ft. 


is now possible to answer the q question on 475, 


discharges of tr whether the increased gauge 
produced at Helena b by the confinement of the river would be propa- .. 


gated down stream. In 1882, at City, the height would have 


been about 55.8 ft., and the discharge of the | two, tributaries would . 


have increased the gauge height at ‘Arkansas Cc ity about 3 ft. over that 


of Ib was probable that the latter would 
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sion is that increased gauge Helena, would extend it 


influence to the other gauges further down stream. 
These inferences might be substantiated by reasoning dr ‘awn | fro om 


Low-Warer Drscnarce. 


Comparatively little attention has: been paid to the low- Ww ater 


“charge. . Very. few obser vations have been taken at that stage. "The 
least discharge recorded in the r reports of the Mississippi River Co eo 
mission was the fall of of 1891. Movember of that year, at 


203 cu. 


at low October, it was as 
about 91 000 cu. Helena, the lowest: record, both i in | Octok 


stage “of zero. At Wilson’s Point, in 


a minimum ischange reported (one: observation only) of 117 142 cu 


At Red River Landing, the lowest record was 141 179 cu. ft. mp i—_ 


at The observations of the last four years have shown a perceptible 


"pression the lo 
Discharge. 
133 000 cu ft. 
47 145000 


and extended at Teast from 


tached to this is ‘not yet 
observation will be required to ) dev elop it. It may not be per manent. 
_ It is to be observ ed that the stage in 1894 - very nearly paralleled 4 
in 1872 at Memphis and at Lake Pr ovidence for a day or two. . The low or: 


“water of 1894, however, was far more persistent, the gauge | at Vv ee 


a burg remaining below zero fe for nearly three month 


— 
the relations between the gauges. pal t or the su however, 
3 
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1894, this depression was general 
Memphis to Vicksburg, the low-water r 
— — every intermediate point. That this was not due to the small quantity = a j _ 
of water flowing in the river is shown by the discharge at Wilson 
— 
— 
= 
— 


